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FOREWORD

The furtherance of a comprehens ive shock and vi-
bration program for the future needs of National Defense
depends upon the utiiitation of new ideas and novel
techniques. Moreover, to keep our designers and tech-
nologists in the forefront of applied science, it is
essential to dissemiimie pertinent information as soon as
it becomea availsble,

The contents of this Bulletin demonstrate splendid co-
operation in prompt exchange of recently accumulated
knowledge in this field. The material assembied presents,
afso, a study in contrast. Certain similaritica and
differences between field tests of ships and other types
of military vehicles aro discussed. In approach and point
of wiew, the British ship target trials are both revaaling
and instructive to us, Ths procedures described and the
results obtained are impressive. Planning, organization,
and exparience are represented in the triala routine,
The fact that over 90 percent of the recordingds were
suitable for analysis, indicates a professional * know-
how " which is as yet beyond our ken,

Our full-scale quantitaiive tests are just getting
under way, Plans an’ procedures zre atiff in the form-
ative astages. We are maturing through precept and
example--somct imes the hard woy, by tria! and erroi--but

we #re acquiriag knowledge, and our objectives are in
focusx,

vi
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ADH!RALTY FtﬁLD INSTRUHENTATION
ron saacx AND VIBRATION INVESTIOATION
. ) : By :

J. Pausey, R. N. S. S,

There is presented sn oqtlinc ny:m". ‘queuaainn of the ,,inl#ruman‘se used by the
Royal Navy in conduciing ‘ship targei trials., Relativo merits of the measuring
devices employsd and the manner of procesiing the resulting deta are describwd.

. R

1t became apparent gulite ess!y .ln fhe in the minesweeper H:M.Y.  BORDE during e
recent war that the effects of noncontact 'routine :wodpln. trip. Tue instriments
underwater explozions on -hiﬂn were mich  umed were cfude snd eieple “ahock’ wetors, -
more serious than hed been snticipated and ‘onch of which jconsisted of 12 spring stewl
thet it was quite possible for n ship io be astripsof hmgdu gracdad from 3 om to 1D owm.
put out of action as s fighting unit, -One end of esch contacs wes {irmly fixad to
although the hull was not seriously & steeal bioek. the other had riveted to it
damaged, due to the disruptive effects of » smalil #naa dnd yms free tomove | om down-
_ shéck on the internal equipment. At flrst ward toward = steel base. Ajy contact
there was littie coordinsticn in efforts to “ which moved 1 o wis .rrmgad to cilip \\hm
investigate thess phencmena, individual: 8ix of thess meters wers {itted to give
design departments carrying out thelr omn  plus and nami)- sccelerations in lq:ub
experimental work and trying to devise means ‘tudinel, sthwartships, siid v#rllco! '
to comhat the trouble. At that time the dlr;rt!pm. Crude and unsii.ebie ss thess
Electrical Department of the shore estab-  instruments. wege, they did glve some ides
lishment H.M.S. VERNON, the functidnofwhich of the magnitude of .rcotunnon apd
was to représent -eu-golnc eplnion in. "'dllpluonont vblch wight be onpcct-d

connection with the design’ “of e!actrlcn!
nquipmo-nt bac e intevested An * lboch?‘
gffects . M b

to be carrisd ocut under scs conditlons ee bo the begt, funes lar € meayues, as

get aome idea of theae magnituas, so thet would be possible Ly ane aopsrEtion fu

suitable methods of recording them on &  osbhtain slither of the other vajuss.

jarge scale could be developed. This  velocity metar wer conplsucted. couslisting
first trind was carried out in Jenuary, 1945 of o eezrch coll aperating 4n the snnaiay

) ) ; Yothods of obtv,inﬁng rnﬁ‘mﬁm ?G(‘Ua di

It was app-rent to thh. nw-rumt that  yere conwidered nest.’ The hncums whiech
little was known of the magnitude and = 1% was poessiblie to. ohtunlfy various mathods
severity of shock and vibratfion «ffecte vor/x -ccnlortuon. valocity, and dfax-
experi=nced and that trials would have plncmt . It teamed thet vclatity might

N
X
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gap of a cylindrical electromagnet which
was suspended on a spring system of low
natural frequency. The magnetic field in
the gap was found to te uniform except ut
the extremities. The base of the in-
strument, which carried the search coil, was
holted rigidly to the item under test. On
being subjected to shock motion, the
gearch coil moved relative to the spring
mounted mass and, therefore, had a voitage
genzrated in it proportional to the rate of
change of flux linkage which (&s the field
strength in the gap was uniform) was pro-
portional to the velocity of the search
coil relative to the magnet. This could
reasonably bLe taken as the absolute motion
of the base over the early part of the
record before movemersit of the magnet in-
troduced an error. Such meters were
coupled to R-C amplifiers and thence to
C.R.0.'s fitted with continuous recording
film cameras, so that it was possible to
obtain a v@locity/time curve. Using this
type of instruient, small-scale sea trials
were carried out in H.M.Ships EURYALUS,
LONDON, VANOC and JAVELIN.

By this time it had become apparent that
the investigation of shock and vibration
effects were of extremely widespread
interest and in order to study the problem
fully and to avold duplication of effart,
the Admiralty Shock Commi ttee , which
consisted of representatives of Admiralty
desfgn and research departments, was
formed. Part of the terms of reference of
this cormittee were to control and direct
experiments neceasary to invesiigate the
nature and severity of shock in warships
tesulting from ioncontact underwater
explosions. This naturally introduced the
question of instrumentation on a large
scale .

In the CAMERON Trials varlous types of
accelerometers, displacement meters,
velocity meters, strain gauges, and
resonance meters were used. The troubles
experlenced in operating these varlous
instruments and the results obtained have
been set cut fully in the CAMFROM Repthrt znd
it is not proposed to eniarge further on

Conjfidential

that trial in this paper. Results ob-
tained tended to confirm the opinion thst
veloclty was the simplest function to
measure snd that displacement and accel-
eration could be obtained from the velocity
records. From then on, other exlsting
methods of continuous recording were
dropped, and velocity meters came to be
used almost exclusively., It was realized
that the instrument as it stood was by no
means ideal. It weighed 35 1bs, could cope
only with maximum displacements up to 2
inches total, and introduced errors in the
record ( due tomovement of the seisnicmass)
quite soon after the start-of recording.
On the other hand, as far as “shock’
was concerned, the important part of the
record was obtained. Furthermore, the
impedance of the instrument was Jow, and it
gave a comparastively large voltage output.
This made possible the use of low gain
amplifiers having maximunm amplification of
ebout 200, which was of great value in work
on board ship where pickup effects were
liable to be very troublescme. Attempta
were made to develop the inatpument in the
way of weight reduction #nd increase in
measursble displacement, but, owing tec
staff shortege and the necessity for
keeping the sea triale programme going,
these prograssed very slowly.

It wes evident that the method of in-
stallation of recording equipment used on
the CAMERON (namely, putting everything in
the target vessel) would not be practical
in the future trials envissged, end it was
decided to obtain a snall vessel and to
fit it out as a floating taboratory. The
ship selected for this work was M .V.
ENDSLEIGH -~ » small coasting vessel
(pictured in Figure 1) of some 200 tony,
length 103 feet, and beam 23 feet. The
original hold space was subdivided and
decked in to form compartments as shown
in Figure 2. The instrument room contained
=1{ the C.R.0's and other recording
equipment (see Figures 3,4, and 5) whichwere
mounted on 8 aprung bench.

A contloucys processing machin

35 mm film (shown in Figure 6) was
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Fig, 3 Instrument Space: Supply
and Iinstrument FPanei (Laoking
to Starboard)

Fig. 4 Instrument Space: Instrument
- Bench (Ferward Side)

Fig. 5 Instrument Space: Instrument
Bench (After Side)




Fig. 6§ Na. I Dark Room. Processing Machine far 35 mm Film (Laoking Alt)

stalled in No. i darkroom, In sddition,

the shiphada sraml i mbchine shop (Figure 7).

and s compartment kiown as the test room
(Figure B) where testing, repsir, and
construction of electronic equipment were
carried out.

For power supply, iwo dienel generaiors
were installed, 2 main set of 50 kw, 220
voits D.C. in the generator room and an
suxifiary 30 kw, 220 volts D.C. set in the
main engine room. ‘The mein A.C. supply for
instruments was provided by & 14 KVA motor
miternator supplied from eithsr dieset
genergtor. In eddition, 8 SKVAmntor
alternator, supplied from a 110 valt, 150
ampere hour battery in the bLattery room
was fitted to provide steady wiltsge supply
to the smplifler during recording.

Az provicusly stated, the emplilficrs,
oscillographa, recording cameras, end
suxiliary apparatus ware mounted on w
spzing aunparted hench, 12 x § feet,
uitusted centrally In the Instrusent rcom.

-

Provlplon was mﬁdo for ro‘.ardlng 31! signals
aimultmieously. Fech mpl“im in mpnocinted
with & particuler cacillograph teacs . and
the inpute of all empilfiere sre pormanently
wired Ly maasns of single enre acreenasd
cable te plug polints on the fnstrusent room

control bosrd., These may be linked up we
desired by meang of flexible lecds to

similar plug polnte which are wired per-
manantly to the instrumant distvibution
bosed in the buttery voom. This boesd
was the point at which comnection with the
torget ship was arraniged.

The arrengsment snvisegm! wee thet the
targer vessel wou!ld bemoore! Hizad wwd stemn
and that & dush Largse wmuld ealso be aogred
in & simlisr manner at & safe distaricea md
inn Line with the target. lustruments were
myinted tn the farget venssel, loads bLeing
taken to 8 comsen torminal Loard sitad
within the target at snee convenlient point
Frosa this bomrd, coriection ogs fads to the

Iaboratory vasee! by cesns of sulishle esiti.

cove, Ditertight cablesx. The mulis rvore
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cables were carriad across the water on a
series of floats. The lattar were secured
together by means of steel wire ropes which
were arrsnged to prevent any strain, due to
rough weather, coming upon the cables.
This arrangement proved very satisfactory,
although great care had to be taken to
avoid any rough edges at which chafing of
the catil es might occur.

It was possible to alip the cables
from the ENDSLEIGH, if an emergancy arose,.
end to be away from the trisla site within
15 minutes.

The staff required to operate this ’

vessel consistedof six scientific officers,
t# laboratory mechenics,

a skipper, two engineers, a« mate, and two
deckhands.

The triala routine sdopted ‘wl-‘g;‘l,n Lo
followa Two hours before the time of -
firing & shot, 21! the bhench sgquipment was
checked over to ensure thstC. R..O. ‘s,
cameras, amplifiers, and suxiliary gear

were functioning correctly.
individual instrument circult was teésted
for continuity and insulation resiatance to
be sure that no cable ar other fault had
developed. Next, each instrument was
checked to ensure that it was operating.
Finaily, all veloclty meter magnet currents
were accurately odjumted,

At the same time,
party had been fitting the charge arki pre-
paring the lead for remute electrical
detonation, while the working piﬂ‘y were
checking pumping arrangements, q‘floaing
watertight doors, etc. :

Three Guarters of an hour before the

shot, tize instrument party closed wp in the
instrument room on ENDSLEID and losdad
film in the cameras, switched on smplifiers.
C.R.O.'s, etc.
the water and its firing cable conicctad
through to FNISIRIGH shere it was taated

for continuity and insulation resistence and

and twn 1 zhourers, .
togethe: with the ship'a crew consisting of

Then each’

The charge was lowsred into,

the nava! firing .

gt

finally roupled to the firing b.ktygy:

clrcuit. At the appropriate moment,

&

automatic firing switch sas energizet in

the instrument room. This sterted the
camerws, injected a calibreting signal into

the amplifliere. and

fired the charga. -

_betwesn this floet end JOB 9,
were led into. theff pressure huh’a through
o Afecial .uhnir:lﬁu cutife (l-uds.

" been dgvl.odmdu.tq# in: ul‘l\l- ubdquen?t
‘to CAMERON. On Piﬂ'!ﬂl an Qitmi was
fp.du to uuuro wh lpplﬁg of tha' “ship by
) innit ﬂalch e 241148 . 7
T the Tow- f raqueney sintk meicr. The relsabre-"
ll’t- thdﬁ iuilpmf k-1 &i‘ﬁﬁnfw ﬁ‘m'd
. ‘measure low. frequency motion af, the wdv,ur
,&cl 2 cyclis per sedond bu\ h.vlng Largs.
/ Thoe knllcm\oﬂi consisted .
- wssentinlly of & trmgh:s\g\; of vaiisble
: nwpiih; £ﬂ1un‘ 25
onbiuoo R core phlfh iE m&w—m tn two .
'muc Mrcu:

Andicetors ‘snd . &-gﬂp

This arvangement hes been uned with but
minor modifications in all the trials
carried out since CAMEENON.

Trisls have besn coapleted on o PASTHIAN
Clrss submarine PROTEUS, a specially bullt
centre ssptionof anA Class sutmarine JaE ey
the destroyer AMBUSCADE, and the crulnu
EMERALD. - The mast novel of thsse trial
wore thone cdrried out on OB 9, as !hll
target was sulmerged for most shots. In

order that connections couiy be mede to the

target. A flost was introduced at the end
of the buoyent cabié line and a lavge bight
of cable (sbout 200 feet long) was left
_The cables

“uuupnu?
these trialn ‘velocity metersof the original

type have besn the mﬂn me an s of instry-~
nnntltlon\.

[

>
4
)
P

_ ! « 1 & 5 r’gfh--‘r;u5=“-
" ey w % E 3 l!, =% —ﬁu5l53l~ ‘lU?
hmrovc-d vteﬁrﬂ ively, #nd

that more than 90 percant ‘.\SE the 4000

Cart-ln othet -nhdc a! ;oconun: hm

‘-nm of an insty

difplacements,

The i:dgordlr] cai

& ¥l mab!-}m o air gap
with plgy.:l s Chaer,

I" 5% ll iowe

&
o 12235

n conveni ant nmr;uw“v miu\’m“nt
“shat it voduced the ufsbnsm--vd TwFyinia
-n;natrl_e\‘. farces o o twoond order pi wegni -

it is eanm-wd,

‘récovde - 'nken'. have ' banu l_l{‘ilhl_'o” tor
snalysis. oA S T

m -&ﬂtlm. cuiln unlm rmrding
imenauntn. such as: rt!al@.vq oiqplmc—n!

&;ﬂj#\ir m{'ﬂorm.r :
‘units.” both of. which have Eeen fully des

”cribed lh tno e.m R-w'h n'” “'9‘3-

‘E‘hh‘ ArPERgsEsnt
W UGl Yof ITAE i'mﬁ

v

~ ..
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8
P Vs Vi 7 tude (Figure 10). The natural freyuency
of the instrument was approximately 60
l to mmplifier frpue cycles per second and it was subjected to

:__j ~ ,ft:]tif: - alight oil damping .

b B 33(‘)’0“ The transformar primariea were fed with
{ W °ps, a 3000-cycle per second 3-volt supply.
. The inatrument had a linear response for
_lm accelerations up to 2 g. The output of the
g = ] instrument was pet so that the band widil

wns reduced to zero by the spplication of
Figure 9 an acceleration of 2 g. This acceleration
was easily obtained simply by lnverting the
whole instrument. A record is shown in
Figure 11, the variation in width of the
3000-cycle band being proportional to

.
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accelesration., Double integration weas
carried out by hand te produce displacemant.

This instrument showed considerabie
promise but, in & re-allocation of work,
whip messurement was moved out of our
province and, owing to the presaure of
other work further development wes
dropped. ’ '

Another instrument which was mentionsd
briefly {n CAMERON Report sitd on which
further experimental work wes carried out
in succeeding trials was the high-frequency
velocity meter. This opersted on the seme
electromagnetic principle as the stendard
velocity meter, but, instead of making
the natural frequency of the sprung system
a8 low 23 possible, 12 wos decided to
mount on s comparatively atiff sprung
wystem (say, S50 or 100 cycles per sscond),
accept the error thus caused and try &n
correct for it eiectroniceliy the theory
being glven in the sppsndix.

1t sppenrs that Ly taking the cuipnt
from such & meter and sdding to It certain
proportinng of {ts cwn single and doubile
integrals, the gbsolute motion of the base
could be obtainad.

Attentlon was then turned to examining
the possibiliiisn of praducing sivcironie

means of wdding the requisite propurtions ‘
of the output siynal.

“The firat seplifying misers developed
made provision for the sddition of both
single and double inteyral proportions, hut
it waw found that demping wae low cnough
to ailow the first intogral term to boe
neglected. Within the timite of this
assumpiion the rvatico of ovutpui te input
voltege ofi the correcting netwnrk as
function of frequancy is propariional to
1 ::0 Thie qusentity is plotted in Figure
i, .

Varicus methods of integretion weee
gttempted but without complets cucaens.

Tha nutput sbtained fros the watsy wee
very much smallor than thet from the
stendard velocity meter, owing to the
ptifiness of tha springs which resulted (n
very iimited reistive sovemsnt hotween
magnet end ssarch coll.  In cansdquence
high seplification Lecems necesanry . Thig
brovught §r ite trals il the useal tronblew
of ateey plchup, valve sise, sl vibretica

PEE % it R S O X TS )
PIICCTY WIIICH ®MIW VBIY TRITI 95 ® vre » g =937y s
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to eliminate on hoard ship than under
shore labor2tory conditions. In addition,
it was necessary that the device should
have both a frequency responsc approximating
that which has already been discusased and
good transient response. In the methods
which were tried, one or the other could be
obtained but not both. Consequently, it was
felt that further investigation on the
laboratory ship would not prove fruitful,
and the question of elecironic correction
has been dropped temporarily until such time
as it can be investigated In s ane shore
laboratory.

Theoretically, it should be possible to
analyse and correct records obtained from
the H.F.V.M., but this involves obhtainingthe
constants for each . individiua! mcter und
carrying out a tedious andlengthy graphical
reconstruction, In practice, where one
requires to know the results of one shot
before carrying on with the next and
where a large number of meters would be in
use, it is not feasible.

It is possible that, having obtained the
uncorrected record endknowing the constants
of a meter, it might be fzasible to obtain
the true answer quickly by eome mechanical

means. This is being investigated.

Yet another problem which arose was the
question of measuring the motion of the
shell plating. It was not possible to

]
P

/-

w
-
2 NATURAL FREQUENCY OF METER
> SYSTEM IN THIS CASE
[
2 t /R
f=g-|s s

g 27\ = 60 cps
3 !
o

200

GYCLES PER SECOND

Figure 12

. following disadvantages:
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mount a standard velocity meter in the
ordinary way, as the weight of the instrument
would have materially affected themotion of
plate . The method usedwas simply to remove
the search coil from a meter and mount it
on the plate, The magnet was reversed in
the meter body end the body attached to a
robust channel iron framework which was
rigidly attached between the two frames
which bounded the plate under investigation,
Adjustment was provided sc thet the search
coil could be centered in the magnet gap.
Thus the load on the piate was reduced to a
matter of a few ounces instead of the full
35 pounds of the whole meter. This device

worked quite satisfactorily, although great
care had to be taken in tentering the

search coil in the magnet. There was
considerable wastage in search cnil
formers, as damage was caused when they
were tilted (due to the directions of
motion of the plate) instead of moving
axially in the magnet gap..

The question now srises of the future
developments expected in iustrument
technique. It is considered that the
magnetic principle of the velocity meter
is still the most reliable method of
recording in quantity.

The instrument as it stands has the
It is too
heavy, records faithfully for too small
8 displacement for a number of casesg, is
subject to spring error, and requires a
supply to energize the magnet. In the near
future and without interfering with trials
progress, it is hoped tn redegign the meter
to remedy some rather obvinus crudities in
the design.

The fremework of the reter will be
made in some of the light alloys which are
now available. This gshould bring consider-
able wejight seving and thereby permit
designing for a larger displacement without
any welght increase. The electromagnet, it
is hoped, can be replaced by a permanent
magnet in one of the modern magnetic
materials (“Ticonal or “Alnjcd’ ) which will
vetain their magnetism even when subjected
to repeated whocks. This would simplify

) T
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considerably the uperation of numbers of
meters. If at all possible, the natural
frequency of the msgnet on its suspension
will be reduced,but it is not considered
that much improvement can be expected in
this direction,

Finally, 1 will say e few words about
a new method of recording which is, st yet
in itz embryo stoges and iz complistely un-
tried.
has not baen used before..

The main components of the cireult wiid
be a aquare wave generating circuit followed

by a simple integrating device. ‘The"

recording head will consist of a lightly

suspended mass which iz canstreined to mwve

betwsen two spring contacts. The ;'i‘m-zj&a;é
of the contacts is two-fald: To provide &
bias which will trigger the aquare wave
generator and to give a pulse of energy to
the moving mess to send z* towards the
opposite contact, where - ‘mimiiar eveis

will take place. In the mdisturbed state,

DISCUSSION ~ . - .

D. E. MARLOWE, NOL: T would like to ask

what the periodical irpulse or carriey freguency .
oscillation for the new recording head for the

square wave instrument ls suppdsed to be.

J. PAUSEY, R.N.S.8: That will depend
upnn vhat is to be measured. {f you went to
measure whijtping, you will he abie 2o use
very low frequency. If the messurcment ig
going to be shock motion, it may not be poe-
sible to use the instrument,
higher carrier frequency will be necessary..
At present, this work .3 in the evbiryo stage.

J. P. WALSH, NEi.: %hat has been your -
experience with wire strain gages on ahipbosrd

trisla?

As far ss is known, the princi?‘f’e"

. ,‘H‘ anl “mni im.—.n..l

stieched.
very enslly undar ship triel condltisns and’

as & much

il

ajjustment will be made so that the time
intervale ers equal inesith direction, Thus
4 unlform square wave will be produced

Thie, on belng integreted, will give &

,lki“inngull\r wave. Jf the Lace of the

Angtrument e sttached to en abject which

“;.l eiven & “shock motion, the time tekan

for the mass to move betwsen con\ncn ‘will
Ly mudi{led by the mation of the blln. sewd
successive half cycles of the sQUAre Tave
will not be tquil

edch cych. £1] w:!l be displeced and »
trece, conwisting of a gerics of tnmtplhr

‘steps, wili he 9rodué|d.

The tnpotum factor s ears io ba

“that the timw ).ni.rvui for undi:tqlrbsd

motion should bé reasonably I.x" mud
with the t}mo ‘chengns expacted lrom the
metlon.” Tho advantage spprars l‘b be
sccuracy of tecording, {rrespective u}f the
fownuad P iaalo maws F
sald .bout thlt Hua at pre-eﬂ!.

1

§

1 mm ?mw ‘o mdm. 1t wan
very difficult 10 use these geges on ‘target
shipz. We have fmnd that we cauld gt them
to aori in the {aboratary but ocould rube une
them on the ships. it is & pmblm tp i 3
them achers. to the plate. In addition; it i
not sasy to tell when they are proparly
e found that they bresk down

that the output- l'ro&a‘ the strain gegss i»
coparatively fow.’ Tt s mmmn W aut

" eeprofinible nm!u, .

£y K Ewiec - HEJ"
A En TSdend, PR

¥ -_.,)4%~ 1 ¥, Prasy

could snpiify on the prefersncy for the
vefocivy typn of pickup ¢uilier then the

' wtdmuz ax &@lm! w.n;"

Thusz, inetesd of the -
'!ntegrued mwa returning to sero at

=EvRIF WGES m;n‘i uT
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J. PAUSEY: We found that, in the first
place, ir you consider displacement and
acreleravion in ships, you must work over
qiite wide ranges. Displacements may vary
Zrom .001 inch up to several inches.
Accelerstions may renge (in the case of
vhipping) from 2 or 3 g to asvesral hundred
g, and it is difficuit to get these two
ends of the acale on one record. With
velocity, you are working in a smaller
range. The low end may be down to 1 foot
per second, but you seldom get more than
20 feet per second. It is possible to
get all the velocity-time curve on one
record without the low-or high-frequency
components being lost. We do find that
from veloclty records we can obtain
acceleration from the initisl slope of
the curve, which is the important accele-
ration as regards shock. There is the
denger, in using an acceleromcter, that
it measures the higher frequency vibrations
associated with a very small displacement,
which s not particularly important
from our shock racord point of view.

M. L. HENOCH, BuShipa: In a recent
copy of a report on the thirty-ninth
meeting of the Admiralty Shock Committee,
I read that you are making measurements
on masts. A statement was made about
uzing accelerometers for that purpose,
The matter was under conrideration at
that time. Have any instruments been
worked on for making the measurements?

J. PAISEY: I don't remember the report.

J. E. SHAW, R N.S.S: For scme future
trials, we are planning to make messure-
ments on motions of masts., I believe there
viere statemants in there sbout considering
the use of accelerometers for the measure-
ments, but the matter was not complotely
lodked into at that time.

M. L. HENOCH: Additlonal consideration
i3 to be glven tha matter, then, and
definite instrumentations worked out?

qﬁ ’
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J. E. SHAW: No definite instru-
mentation has yet been declded upon. The
point you read was in connection with
masses on deck or on the masts, which were
to simulate radar gear. There you get
an excursion in space of several inches,
and the ordinary type of velocity meter
would not cope with that, as it bottoms
after a matter of a few inches. Con-
sideration is being given to different
methods of recording. At the time,
accelerometers were the only answer, but
so far we have not decided what we will
use.

J. PAUSEY: That particular trial has
not sterted yet. It is still in the
planning stages.

I. VIGNESS, NRL: In using multi-
conductor cables tc carry signals from the
test ship to the iaboratory ship, do you
have any cross-talk or interference be-
tween channels for either lpw-impedance
sources or high-impedance sources?

J. PAUSEY: We have not used wire strain
gagen except with individual cables.

J. T. MULLER, BTL: How long does the
velocity pulse last? How long before it
comes back to zero?

J. PAUSEY: You can record the velocity
aver a period of seconds, but the important
initial effect nrobably tskes place well
within 20 millls. conds.

J. T. MULLER: How does it return--
sharpiy or slowly?

J. PAUSEY: Generally speaking, there
are two forms of shock waves. One of them
approximates & cosire curve with a sharp
rise and then s damped wave returning to
zero. It ls difficult to say when it does
return to zero, because there is motion
of the muss in the velocity meter due to
i*s own springs. For the purposes of
shock, 1t iy that initiatl part of the

record which is the important part.

RO TTTIT
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J T. MULLER: Can you give some
idea of the length of time it takes to
reach the maximum velocity?

J. PAUSEY:
parts of the ship,

It varies, on diffevent
frone 2 to 3 milliseconds

up to ebout 10 milliseconds and, in nome
except ional cases, 20 milliseconds. '
J. E. SHAW: As 1 unders tand {t, yau‘

want to know how qulickly these excltations
are damped out in different yplrtn of the
shock. The graph (Figure 13) reprtunf;
velocity against time. On thw hull. or shell.
plating disturbences are uamped out after
a very few cycles. There is s very rapid

rise (sometimes under 1 millisecond):

fol lowed by a more or lags demted oscilla
tion. When dealing with the item of
machinery on the hull, aw Nr. Paurvey

mentloned we got & curve resembling s damped
sine wave, the time of rise being snything
hetwsen 2 milliseconds snd sbout 7 or 8
milliseconds depending upen & nunber‘ ‘of
factors such as how the machinery vul
mounted, thickness of plating, etc. Then,
golng on to the bulkhead the rice wae
still slower untiti
decks, one can get snything up to -about

20 milliseconds before reaching maximum

VELOGITY

when working with the

13

value of velocity. The charscteristici on
the machinery, the bulkhesds, and on thy
decks are gensrally dawped vut witur
sbaut 10 to 20 cyelas.

S. P. THOMPSON, MRL: Refercing te the
errors vozendared by making the resonsnt
fraquency of a seicmlic insttument higher
than s usual, It would seex Dhat,. slnce a
mechanical systes of that typs ia miriogous
to & tuned clrcult, 1t should ba poseibie
to take a clrculit and, by sultshly arrenglng
its parameters (Incimiing those determinipg

‘demping), (6 useit us o calculating mechiive “

to straighten out bath ‘the wig i twdes and

,thc phanes of the velocl ¢ty meter rocord.

Heve thaﬂs!tlu}s l.umldaud this propoalum
qt #RiR.

v

J. HPA.'SEY" We Yave cm-idofod wethode
&t corucuon by electrical and mhmhul
means, but e haven't arrivbd ot e wgwer
we ﬂmt yet.u

1\ n c mm »x: m- mentionad that
yuu use caihouso-rw tecorders in measuring

shock. Have you tried gm uognuis

: gnlvmur noordqr?

J PADIIY Ne, '’ e have nue& »lcly
t c-thado«rw cumo,;m,,
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APPENDIX

Let S = position of the meter housing
Xy* position of supported mass (m)
k = constant of the spring
a = viscous constsnt of system

e = output voltage of the meter

The equation of motion (s given by
the relation

mX = k(S - X;) + a(8 - X;). or
Xy o« E(s - xg) o RS . X))
The voltage generated in the coil is glven by
e = KS - Xp)
where K i2 a proportionality coastmt.
The varisble X; can be elliminated between
equations (1) and (2) giving,
s -*(5 ‘-g' e 0-:}_!.9 dt), or

s 'ﬁé\(i + 2ce *+ ;_,,2 [ e at)
where ¢ is the demping factor and “, is the
undamped resonant frequency of the aystem when

the c2e» fa =till.

1f equation (3) ls lntegrated once, 1t foiices

that
pA 1 2__r ie 2 rr o.
> Il'g(p ¢ 2¢ j e gt w4 d o' Ay

(1)

&)

(%

(&)

15
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Thus, a voltage e' aqual to the absolute
velocity of the instrument cen be obtained,

providad
o' n*‘(ewchadt*wﬁ_}.fedt)

where X' is numerically equal to K.

Obviourly, e' can be generated by combining
the cbserved voltage e with the proper pro-

p?rtlom‘of its first end second integral.
If c ia very small, this term can be

neglected, If a steady-state motion
exists, then e = E  sin (ot + @) and the
output voltage of the corracting networks
is

e’ -Eﬂ sin (wt + &) (1 - %),
. K : o

()

(6)
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SIMILARITIES AND DIFFERENCES IN INSTRUMENTATION
FOR ORDNANCE FIELD TESTS

By

D, E, Marlowe, NGL

I have been asked to compare the in-
strumentation of ordnance fleid trisis with
the instrumentation of ship damage trials,
such as Mr. Peausey hag describesd.

First, as to the similariticr: Our
interest in the effecte of exploszions on
ships has been entirely an interest In
economy. To th2 ordnence engineer = ship
is simply one class of target, end all
targets are objects to be destroyed with
the maximum economy of explogives. We
have been largely content, therefore, to
obtain the advice of our ship designers an
to the response of shlp structures to
these impulsive explosive iosds and have
limited our participation in ship damage
triais to atudies of ths phenomena asso-
clated with the explosion in water and,
in particular, to th msdlficatizne to the
t! sory which wsould be required to account
fos the discontinulity in the fluid medium
sresented by the presence of an sir-backed
tuli. In order to obtsin filzld dats con
this and other points, er heve obteined an
ex-patrol crafr {ihs EPCS 1413) snd have
specially equipped her for the accurate
megsuremcnt ©f preossure-time data from

large undsremter sxnliosione in the ocgen

-

3es. Ficere I showa the 1413 tied to her
Gock at e Nzval Tun Tactory. 3She srrves
- A flecing resmrding atevion very oome
et e RN IO e mribedd b R

Pauzcy., Flgure 2 shows her racording room
with glx oacillogrephic recording stetions
equipped with high-speed, rotating-drum
caneres. You can see that except for
siight differences In design, the 1413 snd
and the INSLEICH serve almost ldentlical
purposes.

New, as to the differences in inntru-
mentation: Wostordnance fleld trinla
require Instrumants and technigques which
differ quite redically from thoee just
described. I heve mentioned in s previous
peper (published in Shock snd Vibratien
Bullatin No. 5) that ordnance shock problems
are charscterlzed by the loag duretizn of
the shock, end I Indiceted at that time
that these shocka must be endured for
distences of § @ 10C (eet. Thlis char-
acteristlc of ordnance shocks renders the
use of velocity meters quite impractical,
and we heve oonoentretesd, therefore, upan
the deveispment of sccelerometers based
upon the meensurenent of either the siaetic
or plastic etrein of acme postlion of the
vehicie belng tested. In most caoses, of
course, it has been most
bulld & specis! straeln indlcating instru.

At vdrlaous

convenlznt to

mant for use in tha wehicls.
times, wo have wmplolicd the lonumeratiia
forms of cvuwnhaor gpogen, and we have el
plemnsiceirds, o2l 3t ane~ =i -

crpecitorce wagry as weil--ihe L0l
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Fig, 2 Recording Room
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tween them ususlly being dictated by the
requirement of the transmission and/or the
recording aystem

In &l1 such measurements, it has besn
found necessary 'to atudy the theoretical
aspects of the neasurements very carefully.
for an {mproper choice of the accelerometer
for a particular messurement can render the
experiment worthiess. In particular,
accelerometer measurements are suscepiible
to vuriations in callibrstion techniques,
and we have expmded great care in the
checking of one accelierometer against
srother in order to eliminate, as much as
possible, the verlous aources of error.

Figure 3 showz six types of accelerometer
principles which are based on either the
Plastic or elastic deformatlon of a
recerding element. These devices are
limited to recording peak accelerations
and, even then, must be very carefully
usedinorder to obtain relinble indlcation
Figure 4 shows four accalerometers alzo
beved upon the slastic deformation of the
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Crusher Type Fracture
1-Direction Type

Cantilever
Type

Crusher Type
8-Direction

Fig, 3 Accelerometer Principles {Psak ’
Recording Types) ‘

'

indicating element, but which, by re-
cording the varistion of strain with %Zime,
give a continuous recosding of acceleration.

It must be recognizred, howsver, that
the problemof recording of data in ordnance
fleld trimla v, at times, o vory difflicult
one. For those measurements In which e
find i1t possible to maintein e ¢able
connection with the vehicie being tested,
we have developed !lightwelght, compact,
versatile equipment in the form of & six-
trace cathode-roay oscillograph whtich is of
sufficiently amall builk that It can be
handled in the field Ly twe men. Figure $
shows a schematic outfiine of the relation
of the various parts within the oascilio-
graph, and Figure 6 shows a somewhat
expioded view of one of the warly models.
It wil] be neen that this instrument s
idenlly siited to the rewording of pheiomens
which vary with tima In fleld trisie,

YIS
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However, in many ¢f pur measurements,
we are unable to maintain a cable connection
to the vehicie. To provide for such cases,
we have developed a line of compuct, self-
contained, internal recorders which are
mounted inside the vehicle and which
must be designed to record the electrical
impulse from the detection instrument
faithfully, even though the recorder itself
is undergoing the shocks, Thisisof courfme.
a problem which is never completely solved,
and the balance between signal and nolse is
always a delicate cne.

Typical of these inatruments is one
shown in Figure 7. This is a cellulose-
tape recording accelerometer in which
the accelervatlonstime curve {3 engraved
upon = celiulose tape by a cantiievered
megs and scribe. Thla instrument is
somewhat insensitive and of falrly low
frequency response, but it has been
developed to the point where the gpring-
driven drum will meintain & cortinuous
apeed throughout the acceleration peried;
hence, the device as & whols {s capsble of

i

giving usable records for many applications.
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Fig, 6 Early Wodel Oscitlagraph

Next, we hsve Figure 8, which showa
the complete assembly of a threes channel
oscillograephic recorder. It is designed
to be self-contained, so that the entire
unit can be placed in & mine case or
bomb for the pumpose of measuring accelera-
tions on jmpact with the water surfsace.
There are three crystal accelerometer
elements which feed a signal to an oscillo-
graphic camera, the whole beilng powered
from the battery box.

Figure S shows a schematic dlegrem of
the recording camersof the previous set-up.

SPRING DRIVEN TAPE
TAKE-UP DRUM

CANTILEVERED
Ma55 B SCRIBE \

y

N\GANTILEVERED
MASS 8 SCRIBE

Fig. 7 NI 3-Direcs fonaf Tape Recording
Acceferomater




Fig. 8 Aszsoembly of 3.Charnel Ouciilograph Recorder

tater spudt
o Lens

~

Mo or

/
- N
.\ r B \’.-//j
.« L . 7
N . ’
\ f
N A ¢ )
o o -~ :
A P
i -
|
[ S v ? .
/ .
"
N .
s . !

- Msrnary




A N A T Gl SN O M A AP BT A

22

Fig, 10 Preliminary Telemotering Equipment )

. for Neasuring Parachute

j It will be sepn that the optlical distances

are largely obtained from mirrors and
that the cathode-ray tube, as mounted,
must take the full strength of the
geceleration witheut causing deviations
in the cathode-ray beam. This has been
acconplished with a fair degreeof success.
The cathode-ray tubes Lave been specially
strengthened with added internal elements
end, xs a whole, the device is capable
of recording an acceleratlon- time puttern
without serious nolse levels at accele-
retions below ghout 300 g.

In spite of the success with which
internal recorders have bean used, the
Laborstery is rot conpletely satiafied with
this approach, and in many cases, since
these instruments and recorders ase not
adequate to the situaticn, we make use of
one other very powesful tool. The com-
binetion of detecting inatruments in ths
vehicle, date tranamission by tele-
metering techniques, and recordlng at a
ground station has solved so many of our

Confidential

difficulties in recent monthz that we are
lesaning more and more heavily upen {¢t,

A fairly recent exsmple was the measure-
ment of the opening load in parachutes when
taunched from aircraft at high speed.
Figure 10 shows the rear end of a mine case
with its telemetering equipment installed

and the antenna encircling the instrument
compartment, while Figure 11 shows sensitive

elements mounted in each of the shroud
lines of the parachute just before it
is packed into ite caze. Upon opening,
these elements respond to the strain in the
narachiute shroud !ines, and the data are
transmitted by a frequency-modulated
telemetering system to a recording station
on the ground where the signal is de-
modulated and recorded.

Those of you who have used telemeteriig
methods will readily recognize the great ad-
vantages that can be obtained in the
instrumentation of flield triaels by the use
of these techniques . Let me now point
out a new field of usefulness which we
have successfully exploited in recent
months. We are now using telemetering
techniques Iln the field in trials of
underwater ordnance. During the conduct
of recent tests at Hiwassee Dam, a frezh-
water lake in the Tennessee Valley, we have
telemetered data from an antisubmarine
weapon and have ohserved the time sequence
of events during the passage of the weapon
from alr into water and into the proximity
of its intended target. There is every
reason to belleve, at the present time,
that our dependence on the vegaries of
internal recorders is reaching an end.

Figure 12 15 a reproduction of cne of the
traces from this underwster telemetering
equipment. You will noiice the varlous
stages of hehavior of the wespon from
launching to impact with the recovery net,
and for comparisun purposzes, therz is
presented -u oscillogreph trace showing
the signai output of the detection device
during sach of those etages.

To swmarize: Where the ordnance
enginecer can mmintain cable connections
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with the device being tested, the
techniques used are quite similar to
those of aship damage trials. The mejor
difference lies in our requirement for
accelerometers rather than for velocity
meters, and this, in turn, la enforced by
the long duration shocks encountered by
ordnance and by the small space Ain which
recording instruments can be placed.

However, when cable contact with
the vehicle cannot bz malntalined, we
have in the past depended heavily upon
the use of internal recorders and have
expended substantial effort in their develop-
ment. At the present %ime our amphasis i
shifting rapidly to the use of telemetering
methods. These have already proved
practicsl and useful for trials of air-
borne we.pons and raceat developments
indicate that equal success may be ob-
talned for underwater trinle as well,

23

Fig. 11 Elesents Scunted In Feruchuie
Shroud Lines

DISCUSSION

J. PAUSEY, RN 8 S: I sn interceted in
the possibilitios of telemetering und feel
that we may have to Use gsomething of the
same technique in some of our trials, I
think it will become necewssry. The
question of self-recording instruments elsa
is of great interest to me. I would like
to ask My. Marlowe one question about the
instrunent which used the cryetsl pile.
Do you get sufficien? output from thet
accelerometer direct?

D. E. MARLORE, NOL:  Yeu, the ouiput of
the crystal was appiied directly to tha
piates of the T.R.O. There was no inter-
mediate amplification.

J. PAUSEY:
large output.

It muat have heen qulite a

D. E. MAKLOWE: 1t wae & feir-nised
cryantal stack. The overall size of the
inagtrument was elmpet two Livches an »
elds,

J. PAUSEY: Mr . Marlowe, would you aay
you mre dolng any work on teiemetering in
salt weter?

D FE MALOEE: 1 thought 1 had slipped
by that puint fast enough = 10 ons mpuld
in due honesty, ! falt it was
te mention the fact thet we
At Loy
ustien 4n salt water it U by » Jfectur of
0. We sce sertouely ¢unsldering the
poeaibllity e,
nedosnnry foi that eprt af work,

notice it.
necesasry

ware wrebing in a frant, unter leke

for the remyde the! gre
tpdu-
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metering in salt water may be poeaible.
There ure two pnasibliitien. One ls to
increase by thig factor of 300, or wore,
the power output of these sutminiature tube
cireults (there have been gome signs that
this may be done). The other ls that we
heve a dim.idea (for which, unfortuiately,
Haxwell's equations don't offer tco much
‘ hope) that we cen bsat the game by the use
} of pulse or pulse coded techniques. *hether
‘ the incresse of snergy that we can put

into the water by pulsing will be suffi-
client to take care of the fact that the
pulse is of higher frequency than the

Confidential

basic signal, we don't know, bui perhape
by use of pulee coded technigues, we can
make some progress in that direction.

£, KLEIN, NRL: VWes the depth of the
water & factor?

D. E. MARLOWE: No, We are fortunate
in having & quiet like in which to work.
We can string a large antenna arrangement.
In this particular instance, at no time s
the weapon at & distance greater than 100
yards from the neareat antenna, so that the

ransmission usually takes place over less
than 100 yards.
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CONTRASTING PROCEIVRES FOR AIRCRAFT

By’

wl

Christian G, Waeber, NAMC, WAES

GENERAL

. B

In general, the requirements snd
procedures for instrumanting !t;cwaft'
structures and eguipment in psrforming
faboratory and flight test investigations
are. governed, to a great extent, by several

factors peculisr to the field of aireraft,
engineering. The factors of weight d!nd B

compactness in sircraft construction impote
very definite limitations on the size and
weight of equipment which can bs utilised

for test purposes. In addition, 'the light-
ness and flexibility of sircraft structures

necestjtates thw use of pick-up units whose
size and mass will net heve & significent
effect upon the mrasurerent of such structuisl
characterictics as# straln, deflsction,
acceleration, ete., For flight test work,

test equipment must be rug;ﬂi and rellable

and function satisfactorily undu conditions
resulting from wide fluctustichs ln stmic-
pheric temperatures and presgsures, angine
ond asrciynemic disturbsness of vibrsticns,
repid varlations in frequency and magni zivqe
of applied *'g ' forces,end chan;ing
sttitudes of the sircraft. Test aquipment
must ales bo cepable hf sithstanding the
impact forcos and mcceleraticns expirilenced

during catapult and srrested lending,

....

opeiations. Since aircraft structures ere .

designed within very close margirns of

()

B . . N W
t ' S

nhty. it is uunthl thnt tae oqmpmﬂ!

and instruments possesy ‘a high dageve ",

of mccuracy psrticularly shere laborstory

or flight tests are being conducted in .
*“ovep’ Teshion unuar candlxlene oi in-

creasing u\m?i!rn

In. parleenanl ellipul! and nrtoot-d
landing tests, structural. flight tents,

end vibration and drop tests on full-scsle

“mireraft end dynemic tesiz of wmirerafi

. equipment, it is generally necescary that
[ vlﬂny of plsicel quantitien be ssasured
and recorded d!‘mlmauuuly in ordes that

" m complote analysie cun be made of the

opefation or vest pwefotncd Although &
numbe¢ of instruments sro svailsble for
use §n aleccvaft tasting, the InZlzument
mott commmnly utillced for obtelning test
dotd lo the verisble resistence .stesln
gige as vsed in the conventional pridge
sireul} with aesticiated
;L @nd ﬂult(vlﬁ!'lﬂOﬁ.A.' vocarding
esa‘!ﬁa:ra;hs. &en*u;e of its sive wnd
wuolgﬂtndnd eutv»uubndlnt “amai} dli¢¢!
“wpor itk charadserielioe of the struituive

or %nﬁ%n.-mta te shich it has bien applied
¢t adagted,
. cwglcuqi fur 3 wide varinty of ucés in

lhi pEeRin gege e wd%n

dmmmic teste ot -g-ctot' for the seasure-
amt of asccsleration, velotity, diwpiscomment,
nncutuu\. prassulte. wed other gueniitiee.

as

S o

s oo ol

N

?Hyin. rquip.




26

In all test work, care must be exercised
that the gages have beeu properly bonded
and adequately protected againat damage.
At the time laboratory calibrations are
conducted on instrumented aireraft, shunt
resistance calibratione are alzo made
on the test recording equipment, Thibs
calibrates all components of the measuring
syatem excopt the gauesz, Thewe resistance
ciiibrations can be very iceadily repsated,
at any time during the course of a test
program and corrections made, if necessary,
for any chenges in recording equipment
characteristics eince the original lsbora-
tory calibration. This feature is particu-
larly important in test work extending
over a long period, since eutomatic resistance
calibrations can be made immediately
before snd after each flight maneuver or
test performed, thereby permitting a close
check un equipment calibration and eliminat-
ing the necensicy of repeating laboratory
calibrations on the complete aircraft at
frequent intervais.

An sttempt will be made ¢o show some
of the techniques and procedures utilized
in the instrumentstion and test of full-
scale aircraft and sircraft equipment by
describing briefly a few typical dynamic
teats performed. With the poraible exception
of crash landing investigations, it should
be noted that in cumparison with shock
tests of marine vessels the dynamic pheno-
mena measured during alrcraft tests
generaily occurs over s greater time
period; roughly, from .05 to 0.2 of
a second or longer.

AIRCRAFT DROP TESTS

During carrier evaluntion tests of s
twin-engined Navy fighter, the wing center
sections of seven out of eight airplanes
brought nboard were dameged during {anding
impact, The majority of the iandings made
were unsymmetrical, i.e , either the noje
gear or one main gear initinlly contacted
the deck. Figure | shows the moat ssvers
failure whichoccurred during these landings,
A prelininary investigation of the cause of
these fmilures indicated that the landing
geer reactians combined with the vertical

Confidentinl

inertias forces of the projecting engine
mass imposed exceasive torsional loads an

the wing structure,

To investligate and detervmine the
cause of the failures more complotely,
this imodel sirplane was subjected to a
series of instrumented drop tests in the
laboratory. The test set-up i@ shown
on Figure 2,

Strain gages were mounted on the
upper and lower surfaces of each wing
penel near the root to obtain data on
the magnitude of the torsional loads
imposed on the wing structure during the
drop tests. (iages were alsc placed on
each engine mount sifucture ic determine
the magnitude of the torsional loads
imposed on the wing by the vertical
inertia forces of the engine mass. The
ge#ge installaticons were calibrated by
applying known vertical loads to each
engine propeller shaft and calculating
the total torgional loads applied to
the wing structure. Thes calibration loads
were balanced by the reactions on the
airplane landing gear., Dynami¢ reaction
platforms vere instailed under each landing
wheel to obtain data on the vertical
load-time history of each gear during
the drop testa, Each of these triangular-
shaped loading platforms weighs about
1000 pounds and is supported hy three
tubular steel pedestals on which strain
gages have been mounted. The gages are
wired in such a msnner that they respond
only to column loads on the pedastsls or
leads applisd normal to the platform
surface. In addition te the foreguing
instrumentation, NAES strein-gage accelaro-
meters (beam type) having e natural frequency
of 23 cpa were located st the c.g. and
in the empennage of the ajrplane.

During the investigation, the sirplane
wag subjected to a merjes of drop tests of
increaning severity simulating both
symmetiical and uneymmetrical landing
conditions. In the lattesr stagen of the
teots, the airplune was dropped in such
An Attitude thut one main gear received
the initial landing impact, the nose gear

Hpomsorm
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and other mein gear subsequently contacting

in that order, During these tosts, a»

shown in Figure 1, esch lending wheel was

prespun 8o o8 {0 have & periphersl spead

o0f-90 mph upon impact in order to simulate

the actual drag loads impoied on the
gear during lending.

Figure 3 shows a typicel oscillogrem
of the data recerded during these drop
testad and Figure 4 shows the duplication
of the carrier failure cbtained in the
laboratory,

EJECTION SEAT TESTS

In the design and development of a
pilot’'s ejection sest and personnel
catapult for emergency escape from high-
speed mircraft, extencrive ground and
flight tests hsve been cenducted. The
110-foot ejection semt tast tower locuted
at the NAMC has been used principally for
the development snd t=st of &« suitable
posder cherge catsgult, for the messurement
of ejection loads and acceleraticns, and
for the investigation of humen tolesarices
to varjous msgnitudes snd ratea of appli-
cario. of farces esperilenced during #)ectien,

A 90-inch telescoping alumimm cotepuit
weighing 8 pounde and containing = powder
cartridge in attached to the seat back
and to the btase of the tower struicture
between thi gulde ralls. Upeon dn!onh!leﬂ
of the cartridge by the occupant, the
energy relesred hy the durning powder
imperta an ejedtion velocity tothw seat-man
mass of 40 fps !5 #.2 cecond avey e
40-inch catapult atroke. The maxingm
sccelevration developed dusing efectidn
rasiges fiom 168 to 19 g'e.
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Figure 3

Figure 5 shows the instrumentation
usaed on the subject during the performance
of tower tests. Stathamstrain-gage sccelero-
meters huving a natural frequency of 500
cps ind 0.7 critical damping are mounted
on the subjecta head, shoulder, and hip.
A similar accelerometer is mounted on
the zea? structure, No aomplifiers ave
used with these amccelsrometerz, the
outputs being recorded directly by a

Figure 4

consolidated oscillograph equipped with
high-sensitivity gaivanometers.

The ejection velocity is determined
by means of a fixed coil located on the
tide of the seat atructure. The coil
passes over stationary Alnico magnets
spaced at 2-inch intervals along the
tower track. The current induced in the
coil by each successive magnet momentsrily
deflects the galvanometer element causing
& ‘" blip” in the oscillograph recording
trace. Having time and distance, the
velocities can be reedily computed.

A measurement of the internal pressures
developed in the catapult during ejection
is obtained by means of strain gages mounted
circumferentially on = copper-beryilium
tube having one end ciosed and connected
to the catapult chember through a smaller
diamoter tube. The tube i3 packed with
silicone grease so that the initial volumc
of the catapult wiil not be significantly
alterod. The gresse also insulates the
88go3 frum the hig inteina)l cevapuit
temperatures developed during ejection.
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A typieal cescillogram obtained during
tests on the ejection weat tower 3 shown
on Figure 6.

Figures 7 and 8 chow the instrumented
dummy used for fiight ejection tanzis. Three
NAES bonded strain-gage accelerometeras
(beam type) having a natural fraquency of
25 cpe and @ + 20 g range are mounted
along the vertical, fore and #”t, and
istera]l axes of the dummy. A Heiland
type 401R oszcillograph equipped with
high-sengitivity, Type A gnlvﬁnomoterl
and a power sugply ar mounted in the
cheut cavity of the dummy. The oscillo-
graph is started by remote ¢ontrol inmediately
hefore ejection and acceleration records
are obtained on the ieat and dummy during
the full ejection sequence, including
the operstion of the seat perachuytes.
A zelf-contained, 3-comgonent, mechanitally
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recording acseleromater having s natural
frequency of 40 cps and a range of 130 ¢
is now undergoing evalustion teats for une
in future dummy instrumentation.
IMPACT TESTS

In the development end test of apilot's
seat capable of sustasining 40 g fore-and-aft
crash landing loads, occurrirg in a time
period of .05 seconds from impact to pesak,
dyramic tests were conducted in « drop teat
machine. The seat and 200-pound dummy
were mounted face downward in a rigid
jig attached to the drop test car. The car
was dropped on & wooden block 20 x 20 inches
in cross section, on top of which various
grades and thicknespes of rubber pads had
been placed to give the desired accelera.
tion-time leading on the seat. The test
set-up is shown in Figure 9.

Figure 8§
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During theee teota, tension iinks on
which strain gages had vweon mounted were
inaerted in the lap and shoulder strape
to deternine the magnitude and dietri-
bution of the ioads in the harnesas.
Statham accelerometers, 4) g, were mounted
st the c.g, of the teat car and the dumny.
In some of the teats, Buresu of Standarde
dynamometer ringa were inaerted in serien
with the harness strain gage links. When
subjected to tens'on loads thase i-.inch
diameter ringa are permanently elongsted,
By measuring the minor diemetar of the
clong=ated rings, the maximum tensioa load
can be determined from a celibretion curve
based on static and dynamic laborastory
teats. As compared with the strain gage
data, however, the maxioum harneas losds
determined {fom ths dynamometer rings
were consisatently iower. Indications ace
that the clongation of the ring actuslly

lags the epplied tension force,par- . £
ticularly st high rates of load build.up, S '
In sdditicn, there seems to be some erratic ‘ p 2
elastic recovery of the rings following Figure i0 showe an oscillogram obtsined . - f
removal of the load. dusing thase tests. b
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DISCUSSION

E., KLEIN, NRL: We have discussed
similarities and differcnces of three
mein typea of instruments which were
used in field operation--the valeocity
meter (which is an especially suitable
instrument in ships), the accelerometer
for ordnance, and the wire atrain gage
for aircraft. i

G. CHERTOCK, DIMB: 1 would like to
ask sbout the Bureau of Standards rings.
WVhat do they measure--acceleration or
force--and hew is it spplied?

C. G. WEEPER, MAMC NAES: The rings

- measure the maximum force developed in

the seat belting during impact teats. They
are inssrted in seriea with the belting.
These rings are initially circuisr, Under
loed, tﬁey,nre permanently elongated,
and by conducting previous laboratory
calibrations on similar rings and measur-
ing the minimum diameter after vsrious
ioads have boen applied and relaxed, the
spproiimate magnitude of the loading can
be determined. There is some difference,
towever, in maximun loads measured in this

. manner, due (o apparent differences in

the atatic and dynemic calibrations of
the rings with respect to the rate of
load application.

G. CHERTOCK: What is the material of
the ringa?

C. G. WEEBER: I think the rings are
made of SAE 4130 ateel.

A, E. McPHERSON, NBS: They are made
of SAE X4130 magnaflux quality, and the
quelity contrel is quite difficult and
expensive. The theory is that the atatic
and dynamic calibretion should be the
sama, which we have found to be sq up
to s rate of loading where .02 of 4
second was required for reaching peuk
lead. Ahove that point we don't knoce,
but it szama reasonable that we could
go to even higher rates of foading.

¥. E. BARER, LOS ALAMOS SCIENTIFIC
LABORATNRY, SANDIA BASE BRANCH: What
type of rocording oscillogreph have
you found moot satisfactory?

C. G. WEEBER: In answering I belie.e
I will egl!l upon Mr, Weias, who is pri-
marily our instrument men.

D. E. WEISS, NAMC, NAES: Threw types
of moving coil galvanometer cameras widely
used in the aircraft industry are ones
manufactured by William Miiler Company,
Consnlidated Engineering, and Heiiend
Research Corporation. Each hes advantages
and disadvantages, Milfer and Consolidated
cameras are usually made with galvenometers
numbering from about 6 to 36 units in
one camera. The Miller oscillegraph has
a much better optical syatem; the resoliution
of their recording trace is much finer.
In general, it is much more suitsble for
field uze than the Consolidated, although
not entirely so. Consolidated has available
8 greater and more useful variety of
galvanometers; they make very sensitive
galvanometers with a natural frequency of
180 cyclea per second, cnibling use, with
no smpiifiers, at applied frequencies as
high as 100 cycies per second. These
galvanometers are used with DC bridges.
The Heiland Research Corporation manu-
facturcs a relatively inexpensive, compact
six-galvenometer camera. This unit has
about the amallest volume per channel
but records on paper which is only two
inches widzs end is devoid of such re-
finements as sutomstic fecord numbering
&nd remote control facilitizs, There is
no wuy of selecting one over the other--all

are good in some respects and deficient
in othera.

E. KLEIN: In the next Bulletin (Ne. 8)
which ia mainly on instrumsntation, many

of these instrumentas, including rings,
are described.
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K. W. JOHNSON, AMC: What type of
recorders du you use in fizhter aircraft?

i

C. G. WEEBER: OUn fighter type sir-
planea, we have uted Miller, Consolldated,
end Heiland osclliographe. There {5 &«
specinl problem in instrumentation on
fighter type planas--the Fd4U is a typical
example. In that case, 211 o. the radio
equipment was removed, and our equipment
wag mounted behind the pilot’s seat. That,
as a general rule, is the only avalilabla
space for Installing equipment (in the aft
section of the fuselage), The installation
of test eguipment very often presents
difficulties in trying to achieve s aspeci-
fied or setiafectory c.g. locstion on the
sivplane for flight testa,

0. D. TERKFLL, NOTS: Have you investi-
gated the dircct effect of shock or
asccelerstion upon the various types of
galvanometers?

D. E. WEISS: GQGaivanomaters uaad
during our testa are checked statically
thet is, the recording oscillograph is
placed on all six faces, thus impoaing
¢ 1.¢ losd on the gelvanometer elements
along three axes, If the effects of thia
static load do not exceed, roughly, .01-
inch maximum deflection of the trace, they
are conaidered satisfactory. In flight
tastas wa usually apply the output of
fixed resistances directly to the gaiviio-
meters and thus determine the reesponse of
the galvanometer to the mechenicel shock,
Usually, by selacting gslvanometers or the
basis of theae two teats, we can find those
which will not introduce very serious
errors, By ‘' sericus erzors” [ mean that
i€ full scale deflaction of the galvano-
mater is nf the order of 2 inches, we
would not permit galvancmeter irace
deflections of more than sbout .08 or .06
inch under pevere shock--these deflections

being measured with no electrical signal,
or with a constant electrical signsl
spplisd to the galvanomoters. The gelvaia-
meters which we purchsse wo ususlly select
individugily from a jot. The criterlion for

this aselection is that the deilzciion of
the galvenometer trace not exceed (1

13

inch pur g, which ie evalusted statically
and not dynamically. The galveanometare
do not perform ae woll as that undar
shock teats.

¥a do glve very sevicus sttention to
the sffact of slwck on galva.oseters, Sowe
time ago 8 teuwt wes cerviod out Yy ona
of our contrectora, The eoxtrancous of focts
upon the galvanometers weras shout T8
percent of the peak veadings chich ware
obtained during the tast, By lnroiating
the gslvanometerwy, thess resufits were
verified.

J. PAUSEY, R.N.S.8: We tried te ues
stroin gages on ihe CAMERON, but ve
found comsidersble troudble with them in
the fieid. Mo you uke them ta & iacge
extent in sircreft in fiight, or de you
have laboretosy sonditions for wost of
your tests? Do you have any tipe In
techniques?

C. . WYEEBFR: Probably the beet sl
oniy check on the etrsin prge iteel!l I
that great c=:3 must be exvrcined when
the gere is applisd to the etruciure,

and I believe Mr. Weles hes conductod o

series of tests in the leboratery whare
diffcrent honding mathode havse besn
investigated. The following =se the proce-
dure of applying geges to the axternsal
structure of & zeapiang, which is prabably
the wost wevere condition that you will
sncounter. In this cese, the gages weco
comented to thestructure with Duca
cement &nd ai[owed to dry fer 34 houra,
Then the gage srea was costed heaviiy with
Patrosens wax snd 2-luch.wide etripe of
airplane febric wese wrepped around tha
structure &nd then heavily doped end
sllocwad (o vy, Thie wes repseisd two
ot thrves times. Aleo, e cnsting ai Neopiene
cefiant waq put on the gages ami subjecied
te heating and drying by tnfrased lang,
Finally, » setalile cover wan placed
aronnid the structure. Wa ues slraln gages
qulte extensively in mirceadt tusting,
and great chre muet ha exers.aed in
spplying thee; hut thay have been selisble,
In this pafticular tastfsniy, wheie the
slrplane wev aukjocted s rough weaver

InlmElunmllllnllnulllmnnuumnunnn-uun-mmnn-um-u-n-n-z-u-:------ﬂ-----n-llnuisln-n-nu-:mE--nn-I-lul-l-l:=a===lﬁlnnlliiilllllllnlllﬂlllillllI
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landings, tha gages are still satisfectory
nfter five months of testing.

D, E. WEISS: Such elaborate pre-
cautions are not always necesaary. The
cune described by Mr. Weeber is a rather
extrems one in which the gage was externel
to the sesplane--5 rather difficuit set
of coanditions. In ordinary f1light
tesats, it is usually sufficient mervly to
cover the gage area with Pstrosene ‘A "
wex., Our tests usually extend over a rather
Jong period o»f time. Our flight test
#rograms are rafely completed in less than
three montha, We have every reason to
believe that the gage is satisfactory,

]
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ws attested to by load calibratione of
the structuras befora and efter field tests,

F. F. VANE, DTMB: We have applied
strain gages to ehips, particulariy below
the water line on atructural memhiera and
on shafts, There sare two main difficulties.
One is to be sure that the surface is
cleen and dry. We have used grinding
wheels, ete, to get the surface flat
and clean and have even used hais dryeryg
to make sure the area was dry snd mt too
cold. Then we used Duco cement. Uages
in.talied in that fashion have stayed put
for periods of months at a time,
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ERIEF RESNE OF
RECENT BRITISH SHOCX TRIALS IN SHIPS

By

J. E. Shsw, R.N.S.S. o

This peper deais with the wain reaults 1&9 corc i ions -‘-o-ashr:h triaks carslod

i

out recently on ships, inchaling the broad chiractor intics of ahock on ilems theaugh-
The max imum sevur il iea of shock recneded @

out the surface ship and the submarine.
the trials are trbuiated, and the ¢
aml equipment are discuszed,

dezign requiremsnts- for abkock
The extont to which sarller theorizx have Pecon fumilind

‘aq)a#ama of =8¢ km—n.

and the gaps in presen(’ mfnrnnt.mn ¢n shock in aMm are! onf“nod

INTRODUCT ION
It ls the mim of British designers of

naval equipment to design their gesr to

withstand shock in ships up $o the point

of uncontroiiable flooding in the wmection |

of the ship in which the gear i eitusted,
either by making the ‘oqqlpmont’ln-
herently strong encugh to withetend the

maximum shock forces wnd movements without

damage or by méunting on flexible suppories.

To further thls end end to incredse
our basic knowledge on the nature snd
severity of ahock in different glasses
of ship, up to the psint of wmcontratishle
flooding, experiments are envisaged which
will eventually cover the rang#s of ships
feom aubmarine to battlerhip.

So far shock triasls have been completed
against the following ships.

(1) The restroyrrs CAMERON snd
AMBUSCADE - the latter to extend
our knowledye of shock severities
in destroyers up to the paint
of uncontrolleble flooding and
to chack the birazd canclusinng
formulated in the TAMPRON regpi.

4

i
3
\‘ s

(2) Th‘- submer ine mmws whcn nur~

facwed, and REPEAT. jﬂs 8, (H\(

© gection of en A wlaes uubluim)

both on .the aurface snd uhcn
. ouhnuod‘

(3) m. cruhorm S

e

It has bnn our practice in ahock In ¢
‘ships trials to lmhpl! snd rdﬁeovd the

movements of wwhl A‘qytlng- ot torgings

daslgned to have great ridigity, tn utdnx

to obtsin the' bomﬂy movements of (‘bc
CT11) umbscurn‘ I,(y {ocel vibrationa on
the poﬁ'tscn mv jihe items wherv The
uen-urlng Ahuruqcuu oyd’ Hlunud

The le:cﬂhrgﬂoﬁﬁ "rrh}‘!d frow such

© #acoris miltiplied by tbqn 11 shmﬂd"

3%

kive forces exerisd Uy the dwpnru an the

itemg wind by !h« lu- nr Ahe nwpnn;

Thess maaips sorve # thrsafold purpass:

(1y To dqhminl; the iminy Wy owis
of abjocks:
(2) To foim @ nlnw:q for cnupiﬂﬂg

shock dufiﬁwiauca in duhuui o

Lrludoi ai ship:

(3 To sssiet in a;iﬁu-e ing shasl .

t@ssang Egctaes,

N
|

- ] e e

2 R e el el P

o

ol

2
CNO

|
;
h

oy

i g 4

i

p (gﬁfl‘ﬂn iy Tzv



36

In addition to records taken on masses,

recorda have been itakon of the movements of
machinery ltems and guns.

DESTROYERS

As the CAMERON results influenced our
instrumentration for fater trials, it is
probably opportune to reiterate snme of
the broad conclusions from the CAMERON
trial before proceeding to discuss the
later ones.

Figure 1 shows the shock characteriatics
on the hull framing and plating as recorded
by piezocliectric accelerometers. High-
frequenecy accelerations amsunting to
several thousand g can be seen on the
records for the shell plating. Figure 2
shows the shock characteristics on a
tuikhead hﬁnediute!y ahove the positions
vhere the hull records were taken. It
will ke seen that the high-frequency
accelerations are severely attenuated and
do not exceed the medium-frequency scceie-
rationa, This was also found for items
of machinery .

Figure 3 gives typical shock character-
istica on the shell plating recorded by
velocity meter, wnd Figures 4 and 5 typical
charscteristics of shock on a buikhead., on
@ i-ton casting representing a machinery
item, and on an item of machinery.
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Fig. I Typical Acceferomter Receorda 300
Poumds Amatol Fired 200 Feet from Ship's
Side, 56 Feot Doep.
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Fig., 2 Typical Accelerometer Records. 300
Pourcis Amatol Fired 200 Feet from Ship’s
‘Side, 50 Feet Doen,

Ax no ltarge high-frequency accol-
erntions were recorded on CAMERON except
on the hull structure, the evidence_ from
these triala indicated that directly trans-
mitted stress waves set up by underwater
explosions were of insufficlent intensity
to cause fallures exceot in very brittie
materiuls., Fallures weie caused, in
general either by relative motion bLeotween
independent components icading to mechanisms
failing, opening and closing of contacts,
elc., or to relntive motion between dif.
ferent parts of the same item, resul ting
in excessive strain st points whare there
were large bending moments and thus
causing either permanent distortion of
the parts when the material was ductile or
fracture of parts when the matesial was
brittle.

Thus velocity meters were chomen
83 our maln instrument for recording the
characteristics of shtock, ss we could
obtain more readily from velocity time
records information on the demagling
characteristics of shock (i.e., accel-
eratlons anscciated with displacement,
maximum veiocitien, etc. ) than by using
accelerometers ,

In mddltlon to the characteristicse
recorded by the velocity meter, ltems in
the ahip will be subljected to forces
cauged by the bodily mevement of the ship
as a whicle and by the vertical oacillation

A, ol
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of the vhip as a free-iree beam. Although
the accelerations from this cause sre low,
the dlsplacenaiis are high (several inches)
and such movements can result in failure
to certsin classes or spparstus (. g.,
gyro-compass suspensions) unless mountings
are designed to protect against these low
frequancy (2-3 coa) high-displacement
osciilations,

The second destroyer to be used for
controlled shock trials from noncontact
underwater explosions was AMBUSCADE
This ship was an A cless dastroyer built
in 1928 and had a length of 322 feet,
beam of 31 feet, and a displecement of
1700 tons in her trisl condition (draught

VERTICAL

5
FT/sEC.

AT HWART SHIP

1 FORE & AFT
R —" S .

= L (3

MILLISECONDS

[

Fig, 4 Typical Velocity-Time Records on a
Bulikhead in CANERON. 1000 Pounds Amtol,
300 Feet Outb’d., 100 Feet Deep.

10 feet 8 inches forward, 10 feet 3 inches
aft). Similar dimensions for CAMERGN
were fength, 314 feet; beam, 31 fest;
diaplacement, 1000 tons duriny tricls
(draught B feet 2 inches),

Both AMBUSCAIE and CAMERON had freming
1 foot 9 Inches mpart, but the AMDUSCAIE
frames were somewhat stiffer than those
on CAMERON, whille the shell plating on
CAMERGN was, in genersl, thicker vhan
on AMBUSCADE.

Two stations in MIRINTALE were chosen
to fire ageinst. one juat ioiward of the
break of the fo'castles and one juat abaft

Frfsec .

S O . 1
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UL CONDY
o2 e ek

or
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-

Fig. 3 Typical Velocity -Time Recordn on
She ll Flating o CARRUGY. JUU Foumle Asdtol,.
JO Feot Outh'd,, 160 Feat Daep, )

the after engine-room bulkhiead, and instiu- °
tnent pooltlons wsre arranged sccordlagly.
In ail. there were 42 instrument positions -
{or recovding tha movemesnta o! mssses on
the huil, on bulkhesd, on decke, end on
machinery items and guns. :

Figure 6 glvos a general layout ol snee
of the principal instrumsit poaltiond in
AMBUSCADE, the posltions st shich chapges
wore firod, end the charge welghts.
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In addition to the msin shock teasts, =
number of minor shots (33 pounds Torpex)
were detonated at = distance of 140 feet
from the hull and at a depth of 130 feet
in nn attempt to increase cur knowledge
on the dynamic properties of mild ateel
cast steel, D.W, steel, high tensiie brass,
and Admirefty gun metsl at the rsates of
loading experlenced due to shock in ships.

For thie experiment, a maas of 900
pounds waz recured to its seating by tuo
gimilar specimens of the metal under
chservation, in lieu of holding-down bolts.
A velocity meter was mounted on the mass,
aid it was hoped that the forces on the
specimens could be determined from the
decelerations of the mase. Figure 7
gives o aketch of the arryangements,

The shock forces were not purely
vertical, and the horiaontal component
tended to dhtort the specimens and introduce

- additional friction, which to some extent

complicated the results,
INSTRUMENT
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This experiment did, however, confimm
the indications in the CAMERON report
that under the rates and duration of
loading caused by shock in ships, the
yleld points of mild steel, cast steel,
end D.W. steel were considerably i{ncreased
and that for stresses somewhat above the
static U.T.5 ., little permanent set wan
recorded , For the high tensile brass and
Admiralty gun metal, little increase in the
yield point or U.T.S. was recorded.

For deasign purposes, the permisslible
stresses for the materials could be
increaaed as follows:

Mild steel from 16 to 20 tons psi
Cast steel fr 16 to 18 tons psi
D.W, Steel from 18% to Z4 tonspsi

Characteristics of Shock

The characteristics of shock én
AMBUSCADE, secorded by electromagnetic
velocity meters on masses on the ships

Posn;ows
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framing or mauses on bulkheadua and on
decks, are given in Figures 8 end 9 for
shat A.3 (180 pounds Torpex detonated
137 feet from the ships hull at an angle
of 30°) 75 fect deep. n ¢.12.

D

Figure 8 gives the vertical components.
The maximum velocity for these componenta
generaiily occurred at the flist pesk
(as found in CAMERON), and thls component
ganerally decays without exhibiting any
fower frequency componente,

Figure 9 gives the vertical, sthwert-
ships and fore snd aft componenis for No.
60 bulkhead and shows the relative veveritios
cf these components.

The meximum velocities for these
horizontal coagonents rarely cccur at the
firat peak.

For comparison, some of the velocity-
time traces obtained en the CAMERON trials
are given in Figure 10 (depth of shot, 50
foet).

There are three main points of dif-
ference between the broad characteriatics
obtained on CAMERON aad those obtalaed
on AMBUSCADE:

(1) The time to weximum velocity of

mangses on the hull and on bulkheads !n:

AMBUSCADE was much grester then that
recorded in CAMERON. Thisg cen e ex-
plained to some extent hy the shiell plating
bn AMBUSCADE belng thinner and more
heavily losded thar on CAMERON.

(2) The decelerations on masssa re-
presenting machinery items oo ths hull
ware s higher pércantage of the accels-
rations than on CAFERON snd. in sone cases,
were actuslly grester than the scoelsy
raticas., The decelerstions, as shown in the
CAMERON report are infiuenced to mome
extent by the atiffness of the ship’s section
rether than the stiffness of the shell
pisting; and, as the framing in ANBUSTADE
wag @uch stiffer them thst on CRAZXN, bt lx
suggested that this is &t foemst pertiy
respongible for the chenge 1n the bresd

charactoristice of shock.
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The charscteristicy of shock are of
importance when conmidering flexible mount-
ings for machlnery or equipment. If
machinery or equipment i@ attached to
structures which give the sssembly a low
netural frequency, flexibles mountings are
unnecessary snd, indeed, may even do hasa
unlass carefully desligned to prevent

bo ttoming.
Shock Severity in Destroyers

As a result of the CAMERON trials, it
was found that the most severe component
of shock from noncontact underwater
explosions was the vertical one, and that
the vertlcal shock characteristics
(maximum velocity, initial mesn accefa-
ration, and first peak of displacement) had
a senslbly ilnsar relstionship with

W sin § whure W = equivalent cherge

D
weight of Amatol explosive in pounds
and & and D defined, e2a in Figure 11, up
to the point where piastic deformetion of
the hull eccurs. Thies szasibly lineas
relationship in the elastic range with
V!’_!_i_ﬂn_ﬁ which we call the shock factor

D
was verified on AMBUSCADL, and typicel
plats are given in Figuree 12 ¢to 14,
which show the relatlonship betwsen this
parameter and the maximum velocities,
initiel mean accelerations, and first
peak of displacement for caating on the
hull, on bulkheads, snd on decks.

The approximate formulee developed in
tha CAMERON report fcr en?imating the
maximun values of velocity and acceleration
for machinery items and i{tems on bulkhesds
held to within 10 percent for i:emu In
AMBUSCADE, but it must be remembered thet
both these ships were bulit on the trana-
verge freming system, and the mose modern
longitudinal system may apprecisbly affect
the application of the CAMER(N formul se.

The Tinal shot sgeinst ASITCALE, was 8
180 pound Torpax Mk X! depth charge
detonated 36 5 feet from thes ship’e hull
just sbaft the engine room wid at a depth

of 25 feet. V¥ . o 45
D

4i

The maximun veluse of alwck savacity
are glven in Teble T mnd coupared with the
maxipua severities of shock In CAMERON.

The table {ndicates that the ehack‘
severity in AMBUSCADE, except on the
decks, did not emceed that recorded on the
CAMERON triml.

SUBMARINES

The e tute ond severity of shock in
subasrinee due to nencontact underwater
explosions was mzasured in shock trinle
againgt the subtmarine PROTELS when surfaced
and zaainat REPEAT JOB 9 (the conteral
portlon of on A clams sulmarine) bath esuvs
faced and submerged. It was not poasidbdle
to cerry out trials against FEOTEUS whevi
submerged, as there were nw lilting crafe
avallable to valwe hin size of pulmarine
should compartmcats {lood after s shot.
REPEAT JOB 9 gave e 1ink between shoek
characteristics in surfaced wwi submerged
conditions.

PROTELS waa a PARTHIAN clsas sulzmacine
taid down in 1927 and hai the lolloeing
dimensions:

Stendard

displacement - 1478 tons
Surfsce

displacement - - 1767 tons
Sutsrar ged

displacement - 2040 toas
Displacement during

shock trials « 1469 tons
Length (eutrexa) » 9 ft. 2 in,
Breedth (estroms) - 2 i 30 fa.,
Pressure lulil

plating - 38ty paf
Fr e apocing . 1 ft, 9 §n

No. 2 and No. 3 Lattesy groups wesc
rommved from the submerine prior to the
ehock trisis, in skiltion to the 4.inch gun,
gun platform end mounting. all avessd Lion,
store, michors, el cable mwhar; propellere,
Jindags snd lonee fittings: and 10 2ans
of hallast stored in Ba. 2 hattery Y el
In this way Lt is powsible, wiib whi
taeder full. to have the sotwmerins Lo L

trlmmed down T comndition fng frials

nmmmmam-«—mw_——-—nwmmm_m
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TABLE I
CONPARISON OF WAXIMUN SHOCK SEVERITIES
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(draught 16 feei 10 inchen) wnd to have
s reverve of buoyancy by blowing the
tankn. Arrongemonts were made sc that
Nos. 4 and 5 main ballast tanks could be
blown (by H.P. air) from the bridge in
ovder to recover rasserve buoyancy beforas
entering the submarine.

Na. 90 bulkhesd wes closen as the
main str.lon to fire against, with a few
shets agalnwsi stations 130 and 1137,

A 1-ton casting was Instmilad at
atation 92/93 on the starboard side and a
Y4 ton casting szecured overhead st station
86/87. Both were fitted with velocity
meters for recording the vertical and
athwartship components of the shock motica.

Instruments were fitted to the pressure
huli plating end framing, the main engine,
main moter, switchboard, to various items
of auxillary machinery, and to mild steel
cdurmy cells in a small battery tank. The
gereral layout of instruments and the
cherge pusitions in the planes of 90
bulkhead are shown in Flgure 15. Relative
displecement indicators, reeonance meters

44

end copper crushar unitswsre tiberally veed
to back up the resdings f the velechty
metes ¥ .

The fivet gerlee of exploaione, using
the hedgebog (33-peund Torpexz) charge,
wors made to determine the angle at which
the optimum shock effecte accurred en
equipment in a ecurfaced sudbmerine as o
reaujt of dropping depth chargan at »

giv.n horliontal distances fsam the vessel.:

The remaining snd wore sxvere shots,
which Includad chusges af 313-pound Torpes
A30-pound Kincl, 433-pound Minocl, and
2000-pound Anatol, were chosen to determine
the vulnerebility of the various items of
squipmont and the affect of varying the
weight ond comporition of the charge.

Characterlntics of Bhock

The charzcteriotics of shock recorded
on the prassure il pleidag snd Tremiag
and pr the varlous machinesy ltems and
cesting sre given In Flgures 16 to 19,

Figure 16 gives the velozity-time:

signature for shell pleting end freming

1,
A — |
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e 3y ipn Youers
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Fig. 15 HES/H PROTEUS. (A) Instroment Poartioas, (U) Charis Poa it
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at stations 73-75inNo. 3 battery tank from
& 33-pound Torpex charge detonated 48 feet
fram the pressure hull at station 90 and
at a depch of 28 feet.

The signature IIVF2 gives the record
on Frame 74, 11Vy glves the signature of

the preasure hull plating between Fremes
74 and 75, and 11RVN gives the relative
velocity between plating and framing at
stations 73-74. The relative velocity
meter had only the weight of the colil
assembly secured to the plating (the
weight of the magnet system, etc., being
borne by the two adjacent frames) and,
in consequence, the velocity recorded on the
piating was very much higher than that re-
cordea by the standerd velocity meter, which
weighs spproximateiy 35 pounds.

Figure 17 shows the shock signature
on the shell plating below the 1-ton casting
ai station 92/93 and the vertical componenta
of the shock characteristics on this
cakting and on the %-ton casting overhead
at station 86/87, all recorded by the
standard type of velocity meter.

33 LBs. TORPEX  FIRED
48 FEET FROM PRESSURE HuLL

15

Fig, 17 HuS/8 PROTELS, Velocity -Time Character istics,
(A in Fig, 15); (2) I-Ton Kass op Tank Top ¢

p
Quarkead (C in F

el

2 =£;‘;o gj).

: N R

HILUISECONDS

ter (1) Shel} Plating Normaj
s in Fig, 15); (3) %-Ton Mass on Framing
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It wil]l be seen that the muzimum
veloclty on this pressure hull plating,
slthough sfightly nearer the explozion,
was less than that recorded on the pressure
hull plating in No.3 battery tank. The
heavy thickness of pluting made this
possible in conjunction with the inecreaszed
loading on the frames in this part of the
sumarine (engine room).

The shock signature on the two castings
showed no promnounced high- frequency oscil-
lation, and the athwartship components
(Figure 18) were very much lower than
the vertical ones,.

Figure 19 shows the shock slgnature
for the main motor and maln engine shot
vertically below keel 5% feet deep.

The main engine records Indicate that

.the position chosen for the velocity meters

way not ideal, as local vibrations appear
to mask the rscord of the main bhodlly
movement of the machine.

7

In addition to thete chereteriuiicos,
theve 8 the low-frequency oacilliation
cmined by whipping, N> rellable whipping
redorde were obtainsd on thie trial
but It Le hovsd In futiire oxperiments to
record the whipping of submarines caused
by noncontact uindeiwvwled #aploaiona.

Shock Severity

It was found that with the submstine
nurfaced mnd charges dropped st & siven
borizontal! distance from the axie of the
submarine, the greatest shock ¢ffect s
produced 1f the charge explodes on & plane
meking an engle of 272 - 30° with the
horizontal at the axis of the sutmsrine.

The velues of parimun velocity and
initial mean acceleration recorded on items
of machinery and squipmont for a given valie
of shock factor were considerably lower
than thdse recorded on destroyers, but

e submarine, with ite stifler wd chlcker
precsure hull, cem withstand s very much

Vuocn'v
3
FYjSEs .lsmec,ic//
o
2
ATHWARTSHIP
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Fig. 18 HMS/W FROTEUS. Velocity-Tire Chicactorsatic . JJ Foursis Tor g b irait 45 Faos
from Preasure Hull, (A) |-Ton Mass on Tank Top (B an Fig. 15). (Hiy Tav lass an Framivi

OQverhead (C in Fig. 13)
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higher value of shock factor before hull
fallure results. Thus, there is little
difference in the maximum values of shock
severity for machinery in destroyers and in
submarines at shock factors correspending
to hull rupture in each case.

The fimml whbt wgainst PROTEUS, which
csused severe demage in the externals
and minor 1#zakz in the pressures huli, wes
a 180-pound Torpex charge detonated 23-2§
feet from the pressure hull and at a depth
of 21.5 fest. (}/g- 0.7).

The maximm values of shock severity
estimated from the relationship between
shock factor snd shGck severity which would
have rcaulted had this shot been flired
abreast the various items in the suimarine
are given in Table 1I.

VeLocity
4p

Fifsec. \VER‘."ICAL
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Mont of the wtachinery and equipment in
PROTEUS wan of cbrolete pattern, and minor
feilures occurred as the trial progressed.
Securing arrangements of most items werae
inadequate and requircd strengthening.
Strong recommendatlons to this effect
were promulgated after the trial,

This trial gave us the nccessary back-
ground before commencing the REPEAT JOB 9
trial, as it gave the necessrry link
between 2 fully loaded submarine and the
submarine target,

REPEAT JOB ¢

REPEAT JOB 9 was a specially-built sub-
marine target vessel corresponding approxi-
mately to the central portinsn of an A class
submarine compiete with externals and
compensating tanks and fitted with salvage
ends.

MAIN  ENGINE

from Pressure Hyll,

Fig. 19 HMS/N PROTLLS | Velocity-Time Characteristica,

VELOCITY
. MaIN MOTOR
I FT/sEc. — TT—
| ' VERV \\
@Rvsmf
. " - e 2
' T F?u.u;cor;;; S — . *j'?

33 Pounds Torpex Fired 43 Fent

i e e i s i |




TABLE 11
H.M.S/N. PROTEUS
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as followa:

Overall length

External diameter
of pressurehull

Precssure hull
plating

Breadth over ex-
ternal tanks
Displacement for
surface zhote

Displaceawent for
submerged shots
Negative buoysncy for

aubmerged ahots

Desd weight when
full of wator.

81 ft. B in.
i5 fe.
31% 1b., pei

(8. Guality)

20 f¢. 8 i

(draught 16 ft. 6 in)) 498 tons

845 tons

4 tons
{ vpprox.

140 tone
{ appron ]

The demensions of REPEAT JOB 9 were
mein comper taent: ) ;I:‘; ) L “:

(n

(3)

VERTC AL ATsowar 1gror .1
. g . e e
IteM Maxiausm | Maximem } Tar P4an H unu # I h.um.n ! fo1 M As
VELOUITTIACCE T ERA, ﬂx'm A bR VELORTTY G TLERAT YR A RNt
rw/src g, INHEY f1.5%¢ & thy s
PRESSURE  HULLL 5 .o ! B S
v " . .
PLATING 3 7200 ¢V h
P, -— - PR WP p——— SEPRRE S SR e '
PRESSURE  HuLL ¢
> . 70 4200 | 4 . -
FramMing |
ONe ToN Mass 5.4 73 . 1
oN Tank Top 3 o o
HaLr Ton Mass | »
125 120 15 53 6} : it
QVERHEAD 93
MAIN ‘ -
A 10-5 100 ? 16 St - -
ENGINE
MAIN '
12-2 &0 19 38 30 g3
MoTOR ] i
BATTERIES ‘
' 8 12 2 : -
FLExiBLY  MOUNTED) 8 Z.I 1 9‘.‘ :
* BLATING & FRAMING Reorps  Tasin  Noemar 710 Huy -

The lolle'uu ftems wnb l"ud in !ho ;

)
Two hattary tanks, nch cantalaing °
36 A ¢liges subaaune calle a.-ue -
4 sild atesl M cotls ( of the
ssae welghe and piss ay A cisse
submarine collip) fltted with
walasity meterg. Moth tenks were
“ateppend’t siwi husd Tulber pode §n
the battery tenk weodwori.

Cow h!lnnt D (80 tons/Mr . t
106 feet head) on 16 - AL Jlenible
moustings Type 2850 (B).

Gné !rwﬂi pump {12 temahy, Bt

124 fant Bdsd) on & - AL (lanible

mountlngy Trpe 250 (8): "

Thyre d-ioe specliai’ cAstinge

Throe %- ton epecial csatings
both

rmrsmum ssudblary mv
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(4 Higcellaneous items lncludln$depth
gauges, wtendard velves, H.P. air

syntem, alr bottles, etc.
The general arrangement plans and
sectiona are shown in Flgure 20.

180-pound Torpex charges were uged for
this trial, snd Figure 21 gives the positions
at which charges were detonated.

Charscteriatics of Shock

The charracteristics of shock on massen
end on a dummy cell for similar shots when
surfacgd and submerged are given in
Figures 22 to 26. ]

It will be seen that the shock signatures
for items in the submarine, whether rigidly
mounted or flexibly mounted, differ
considerably for similar shots, depending
on whether the submarine is surfaced or
‘submerged. )

For rigidiy mounted items, (i.2 , Ltems
reaching their maximum velocity in less than
3 milliseconds) the effect of submergence
was to incresse the decelerationa by
approximately 80 percent without any
sppreciable change to the values of
maximm velocity or initial mean acceleration.

The flexibly mounted itoms (i.e.,
items reaching their maximum velecity in
more than 10 milliseconds) the valuea of
both the maximum veiocity and initial
mean accelerations, recorded with REPEAT
JOB 9 surfaced, were reduced by about
50 percent for similar shots vhen submerged.

It will be sesn that in most cases this
is a definite divergence between the
velocity-time traces for surfaced and aub-
merged conditions commencing at between
2.5 and 4 milliseconds.

A tentative explanation woculd eppear to
be that these effects are parily due to
diffraction of the premsure pulEe around
the hull and partly due tn the increased
resistance to motlon of the hull when sub-
mesged .

Thus, on submergence, if it be assumed
that the pressure pulse, after reaching
points on the hull where the line to the
charge position is tangential to the

Confidential

pressure hull, cen be diffracted arcund the
il st the velocity of scund in water,
then as the diffracted pulse resches peints
above the centre line of the submarine, the
general effect will be to reverse the up-
ward motion imparted by thoae below the
cenire.

This assuimesa that, with the huill gub-
merged, & pressure acting radially inwards
builds up around the hull, but since it is
s result of diffraction, lts values csnnot
be directly assessed.

Any effects of the pressure pulse near
the sea surface will be largely nullifled
by sea surface cutoff, and tixiz one would
not snticipate any apprecisble revecssals of
force from the diffracted pressure pulse

 when the submarine {2 surfaced,

For explosions 76 feet from the nearest
point on the hull of REPEAT JOB 9, this
effect should be noticeable some 3 - 4
milliseconds after the firat impingement of
thie pressure pulse on the hull, Also, the
reaction effect of the increased resistance
to motion shouid begin to influence items
after the interval taken for stress waves
to travel 180° around the hull end back
(in this csse sbout 2.8 milliseconds),

Thus, & divergence of the traces between
3 and 4 milliseconds for surfaced and sub-
merged conditions could be explained by
el ther hypotheais.

Rigidly mounted items which reach their
maximm velceity inleas than 3 milliseconds
wouid have only their decelerations affected
by this feature, whiie flexibly mounted
items which had not reached their maximum
velocity or accelerstions in 3 miiiiseconds
would have boti these quantities reduced.

Shock Severity

It was found that over the larger
range of angle sxplored in REPEAY JOB 9,
shock severities gave a more linear re-

fationship with y“! sin 6 than with
D

}/Z/_j_in_é. This can be pertly explained
)3}
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Ly the very stlf{ cylindrical hutl of the
submarine, tending to cause the hull to
move llke a solid cylinder: wheresas for o
less stif{f construction., the motion of tha
item s chiefly woverned by the movements
of plating surrounding its supports.

The penultimate shot (180-pound Torpex
wad detonsted at &« Jdistance of 22 feot

( V = 0.75) from the presaure hull with

RFPLAT JOB & submerged to & depth of 110
feet. This shot caused some slight plaatic
dishing of the pressure hull, and the maxi-
mum indentation was 1% inches. All machinery
and the submarine cells we.eundamaged (with
the oxception of one commer cell which was
cracked due to distortion of the beitery
tank nides) andmachinery ran satisfactorily
after the shot.

The final shot (I80-pound Torpex) at

fact ( V‘.V . 0.86 ) from the pressuyre

hull caused two large tears in the preassure
hull, one st atation 21-22 and one at
station 19, and between these the hull
plating and framing had been pushed in to
a maximum of 4 faet 6 inches takiny the
ballast pump pilatform inboard where it
assumed 2 position at spproximetely
35° to the horizontal.

It would thus sppesr that aubmarine
machinery mounted on ncise absorbing mount-
ings end submarine batteries In the
rubber padded tanks, ss in normal Hritish
practice, wiil withstand sheck up to the
point of lethal severity without damege.
This is & considerable schlizvement.

The maximum velues of shock severity
rocerded on ltems in REPEAT JORB @ were.

Veln- Accel-
city evatjon

Costings - % ton (normel) 29 fps 707 «
14 ton (verticel) 18.5° 1% g
Y4 ton (athwart- 7
ship 12 0 120y
Batteries (flewibly mounted)
vertical
nthwartahip 6

'S ' X ] W
7 Tiuw

&3

Had the finml #lwt Lheen fhved an the
oppasiite sldenfl the target, 1t is ratimated
that the 1.t meases would hive ewperivnvsd
muaximum velocities of alvut 22 fpe aws
initinl mean acceleration of 90 4.

ROTAT K0 9 was & very Ilghrly ‘,ln:-h.-!
target comparvd with o completed sub-
marine, and the shock eseverities are very
much higher than thope obtalsie! oo I'SITFUS.
(In addition, 1t should be mbimi that KITAT
JOB 9 hat! a wholly welded structure, whore
PROTEUS tind & riveted hull.) Tor sxemple,
i1f a shotof this sevevity ¢ IR0 - potul Torpen
10 feet from pressure hull) were Lelng
fired against PROTEUS, the entimgied valuss
of maximum velocity and initiel mean
necelaration {obtained by sxtrepoletion)
would he: )

Senimisn  Initial Mesn
Veloclty Aculmuon

i-ton ceating 18 fpe 200 g

Main rotors 138" A g

Muin engines RN B 110 g (on-
cluding the
H.F. secll-
lations on
record).

Further teluln are Licing p!enned
againat ACE an A claes submarines, with
the object of verifying the maximuym
values of shack aeverity In sultmaerinee,
to act as & proving tria) fos A clape
submarine equipment and, by maans of wa
array of PLF. smuges srouid the vatelde of
the pressureiwl! wmuivelocity meters insists,
to explore more fully the mechanice of the
changes In shock chavecteglsties =hes auh.
mes god.

CRULSERE

ook triuls mere carrisd sut sguinns
the cyntesr FNPRALL to detgrmine 1ha Rathirs
el seveidty of shock dn Joublg et fes
shiipe of the Crusaer type
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ERERAD was an B cluse csudser Luilt in
1926, and had the following dimensions:

Length 570 f¢t.
Extreme Hreadth 54 fr.6 in.
Displacement
during Trials 9500 tons
Outer bLottom
vilating in way
of shots 40 psf
Draught during
trisls 21 f¢.3 in.
(aft.)
18 ft.10 in.
( forward).

The frame spacing was, in general,
4 feet, except in the way of certain bulk-
headg where it was 2 feet, and near the
"stern where it was leas than 2 feet.

Records were obtained of the shock
characteristics on masses repreaenting
suxiliary mechinery and equipment and on
actual machinery itens.

Figure 27 gives the general layout of
the instrument positions and Figure 28 gives
the poaltions at which charges were detonated.

NN
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Charecteristics of Shock end Shock Severity

The broad characteristics of shack
measursd on masser in the double bottoma,
on the inner bottom, on bulkheads, and on
decks i# shown in Figures 29 to 31,
(Shots 132 feet deop.) These flgurew
show the general trend of attenuation of
the medium- frequency characteristicas in a
section of the cruluser,.

For & given shock factor, the vertical
componeitt of the shock characteristics on
masses representing machinery was con-
sidersbly lower than that recorded on
destroyers, but the athwartiship component
was somewhat larger.

The final shot against EMERALD was a
1080-pourxt Torpex charge detonated 50 feet
from the shin’'s hul!l at a depth of 40 feeot.

Table III gives the maximum values of

shock severity obtained on the EMERALD
trials.

Trials sre proceeding to determine jao-
damege curves for various charge weights
detonated against each class of ship.
These curves will enable an estimate to be
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made, in conjunction with our knowledge of
shock in different clusses of ship, of the
maximuin weverity of shock lilkely to be
expcrienced in any position in esch claus
of ship.

Design Figures for Shock

Thez sirolest me¢tihod to determine whether
any mechanisms or, indeed, any ltem of
naval equipment will withstend the shock
charscteristicas and maximun severity of
shock in ships cmused by noncontact under-
water explosions would be to gecure it to
2 shock testing machine which produces

similar shock characteristics snd severities -

to thosz obaerved in ships. Such e maching
would do the coupllcuted shock mathematics
and answer whether the item ir goord or bnd
from a shock viewpoinj.

Obscure fallurcz of mechanisme on tm‘;s:h
machines can be examined in slow mdition
using high speed ¢ine caceras, snd romaiies
can often be indicated movre rapidly by
thig means than by mathematical endeavour.

AL NS n + . B s - =

The cha seteristica of the l..-h‘-ﬁ! shoch |
mechine ghould & capliie of altpi'nadaa
as regarde frequircy ofl oieulnl-n. -] R
this would resuit %u e couplicated oachine: = ..
and it is felt thit, provided the sheek
naching chzesstariatics lst-‘!e-*.'s --m Benad
frequency bands observed. irn nhidw. the
resules etl] ast o ciclcxting copspt shen
tcltln. Ltems on ﬂeaihle -ouauagn. i

©

) \\ \ B \
The Britieh pougy e te. esa!gn -
mechani sms like swizeh. III‘ gptﬂl gesr ‘oo A
vithstand the sheck<tests whem rigidly .-
attached to the tasget 'hw of the o
meching and thea to imgtel} the gest '
on flexible wountings in iih.wj' d.s-,,—.s.a i&
ndded fector of safety. - - W

The broad !rm M h‘l !th
te2ting machinss sheuld iash
between 40 - i00 ope “wﬁ‘k w3 ¥ :
cps (the iatter being asasétid 'l&ﬂt
displacsments mo.ﬁl‘ll, inm W
late whipping g,nvr.:a“‘

TABLE 11! - y
H.¥.S. ENERALD )
[ MaxituM MAXIMUM ‘
VELOCITY ACCLLERATION
ITeM NI L
VERTICAL |ATHWARTSHIP | FORE & AFT thncm—kmumw{fo«: s AIY
900 s MaAss !
ON OUTER BOTTON 30 - 1400 ' -
(Tanks Empry) 1o
OnE Ton MAsS . { !
on InnER BoTTOM 20 13 - 400 E 100 i :
(TAnns Futt) ! ! b
e : =
ONE ToN Mass ! : 50 |
ON [NNER BoTTow @ . 9 I - 160 j L ;
(Tanks EmpTY) o ; " L
one Tow FAss f » o
ON LOWER 8 BU
Dtck o ‘ ' o 4
MIALSEY O ' " , . { - ‘
ATHWARTGHIP 6 * , » R i
BULKHLADS o T
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It imour aim to produce a shock testing
wachine cepuble of shock testing machinery
weighing up to 15 tons, The design of
the machine has not been completed, but,
briefly, it will consist of a catapult
accelerator which strikes a 10-ton masa
which, in turn, accelerntes the target
plate by means of hvdraulic buffers. The
target plate will be decelerated by means
of hydraulic rans with adjustable parts
attached tr o 30-ton mass, so that the de-
sired characteristics of shock may be
obtained.

For machinery items, it has been the
British practice to design auxiliary
machinery, which in service Lo rigidiy se-
cured to the ships atructure, so that the

stresses Lo the machine dornot exceed 16
tons psli for a load equivalent to 120 the
weight of the machine vertically upward,
60 the weight of the machine vertically
downward, #nd 60 the weight of the machine
athwar tship, spplied at the supporis of the
machine; and the securing boltas are de-
signed to have o =tress of 25 tons psil under
forces causad by m deceleration of 60 g

Machines 26 designed withstocod accel-
erations of 220 g associated with a maximum
velocity of 22 fps withoutmechanical fallure
or any measurable permanent distortion.

Whether this result wos ceused entirely
by the obliging nature of mild steel
increasing its yield point (due to the
load being rapidly applied and only main-
tained for n short interval of time), or
whether our method of assesasing the mean
nccelerations gives unduly high figures,
or vwhether the result was a combination of

Confidential

both, cennat be positively acaerted; but
it would appear that machines manufactured
of mild steel, D W, steel, or cast ateel
and designed to withstand static forces of
120 g upwards 60 g downwards, and 60 ¢
athwartship (spplied at the supportis of the
machine) will withstand shock forces at the
rates of loading and duration experienced
in shipa of almost double these figures.

it would appear from our irials that
machinery when rigidly ounted in ships
may experlence shock forces in the
vertical plane as listed in Table 1V,

MAIN MACHINERY vel. acce.
(fps) ()
H. P, Turbines g - 10 ico - 120
L. P, Turbines 6 -8 50 - 60
Boilers (measured at 4 -5 40

top of feet)
SUBMARINE MAIN ENGINES 12 - 14 100

AUXILIARY MACHINERY )
(See =miso the supplementary Tables under
“Comments™).

Neither the nor the
horizontal athwartship forces, in general,
exceed one-haif of the maximum values
quoted abowve.

deceleration

In order that the weight of machinery
items may be kept within reasonzble fimits,
itis felt that'items of suxiliary machinery
should be mounied on flexible mountings
capable of reducing the shock accelerations
to a figure not exeeeding 120 g and that the
auxiliary mackinery should be designed as
at present to withstand this magnitude of
force, opplied statically, without damage
or distortion.
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TABLE IV
NAXIMUN VERTICAL SHOCK CHARACTERISTICS FOR WACRINERY

MAIN __MACHINERY

VELOCITY ACCELERATION
H.P. TuURBINES 8-10 rrfsec 00120 g
L.P. TureInES 6-8 rrfoee 50 - 60 g
BolLERS (AT ToOP of FEET) 45 svfeec 40 g
SUBMARINE — MaiN__ ENGINES 12-14  wifyec 100 g
AUXILIARY _ MACHINERY
§ , CRUISERS DESTROVERS SUBMARINES
. A i A L svaied
PosiTion Iem VELOCITY JACCELERATION VELOCITY [AcCrirmation] VILocity Agmnuq
F1fsec g FYfsec & v i/sec I
HEAW MACHINERY 3 o
12-15 [120-180 - - 12 . 4 190
310 Tows L o
ON THE R IS S
Ry lTims ; .
Suip's || TACHIN 17 250 s leo-220 - .
s -3 TONS i : '
BorToM ‘ N S . B
MACHINERY ITEMS | 400 116-20 |150-250| 20 | 2%0 .
% - % ToNs |
s IR SRR SR |
ON THE :
UPPER MACHINERY [TEMS 8 80 7.16 45 _
Deck % - 1% TONS U N D o
ATHWARTSHIP  VALUES  RARELY  EXCEED  ONE  HALF  THOSE  GiVEN  ARODVE

oW R

|
|
|
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DISCUSSION

J. T. MULLER, BTL: 1In Figure 8 you
show a negative velocity. How doea thet
heppen?

J. R. SHAW, R.N.S.S8.: Figure § is a
record of the motion of the deck. The
deck receives itas motion from the bulkheads
which support it. It is conceivable that
at times you wiil get a slightly downward
movement (due to the supporting bulkhaads
being & bit out of phase) before the dec
starts to move up., . ’

I. VIGNESS, NRL: Y wouid like to

. meke one comment on the mame subject. Mr.

Muller knows the 4A plate on the light-
welght shock machine. It is merely o
flat plate supported by channels on two
edges. We can have those two edges start
moving forward with a certain velocity as
the plate receives the shock evcitation.
When the two edges first move forward,
the center of the 4A plate may move back-
ward, This backward motion is easily
observed in the acceleration records and is
also noticeable i{f accurate displacement
meagsurements ere made. This backward
motion can be explained by consideration
of the rigidity of the plate to bending, in
addi tion to the usual considerations of mass
end tenslle properties. This result canmost
eanily be jilustrated by the behavior of a
bar when fts center ia quickly disflaced a
given Adistance perpendiculur to !ts length.

Figure 32 iliustrates the difference in
response of a string (which will support
no bending monent) and a bar when their

centers are quickly dispiaced a given amali
diztance perpendicular to theoly fengths,

For the string, the displacement kink moves
at a uniform speed along its length, in
manner iliustrated by parts “b"” and “&" of
Figure 32, A location on.the string par-
takes only of a single quick displacement
ms the kink moves by. However, when the
center of a bar is quickly displaced, the

shape of the bar at some first instant of
time is shown in “e' of Figure 32, The
ends of the bar are still in their original
positions. The parte of the bar bslow the
iine connecting the ends bave moved back-
ward, Generally, the shorter the wavelength,
the faster will be the propagation afeng
the length of the bar, and thus the shape
of the disturbance will continualfy change.
A particle locsted at wome position on the
bar will first experiencs a vibratory mmtion
about its original position. This
vibratory motion will begin at very high
frequency and very low displecement omali.
tuds, and the frequency will become less and
the amplitude greater ar the waves pass
doem the bar. The bar wili not vibrate
about a mew position until the point of
inflection cioseat to its center has passed
by. For simplicity, transients involved in
stopping the bar have been neglected.

J.P. WALSH, NBL: In the CAMERON report
you got shock characteristies wp to e vulue
of 0.2 snd then guessed that in the prastic
range of the hull the characteriatic curve
would have a slope of about one-half the
slope in the elastic range and go out io a
shock factorof0.6. Has this been verified
in later work, and are these values which
you have shown maximum values up to the
point of unconttoliable flooding?
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J. E. SHA®: Firet of all, you wmt to
know, “Huve we confirmad that the slope is
about one-half when approeching the
plastic range?” I don't think we have
srough evidence ¢tz zay so . Some of the
results indicate that while the velocity
may be about one-half, the scceleration
sgalnat ahock factor cen be slmsst hori-
sontal. We can get only about two shots
ger ahdp in the plastic range. That mekes
it difficult to get sufficlent data to
make sureofour ground. We are not certain
that it is half the slope. The velocity
looks like half the slope, but we are not
sure that it is half the slope for sccel-
eration mg weil,

In answer to the second part of your
question, the maximum values that we hasve
given are for some of the itens which were
actually mesaured, but others were extra-
poisted. For the extrapolation, we have
taken haif the siope of the curve in the
elastic range. We may be » hit too high
or too iow.

J. P. WALSH: Up to what shock fsctor
was this extrapolation made in order to
get these maximum values?

J.E. SHAW: Up to the shock
that we had on e«ch ship. For instasnce
for the submarine and for JOB 9 it wes
sbout 0.86. For the FMT ALD it wes &round
0.8.

J.P. WALSH: These ére the values at
which jpou wouid expect uncontrollable
flooding?

factor
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Fig, 32 Rexsponse of String ard
Bar te Quich Dispilacement,
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J. P. WALSH: In the CAMERIN report
piedictions were made andl correlation was

found for manimum velocity In terme of

stiffnass of pleting, framing, etv. On
the MMIRALD, & dadile-bLottuw ship, wers jou
able to confirp the'? 5

J.F. SHAW: Wa have not Jons anythlng
on that yst. Actually, on the FMIRALD
we have two problems.® With the space be
tween the inner and cuter Lottams fuli «f
watet, snythlng on the inner. Lshaves very
similyrly te the bottom of a slngle-hisll
ship. When the #pece betwssn the innec end
nuter bottoms s amgty. you g4t & ¢ioes be-
twaen something on the deck wnr sozeihing

on the bottom of & eingle-huli ehip. We
haven't the analyzia finlohed yor. We
are stil) only & very smal} Commn.  Thiw i»

Leing done, but it le no=t cemplotod.
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CONTRASTING LAND VEHICLE PROCEDURES
By

~

C. D. Nontgomery,

Aberdeen Proving Ground

The difference between o target ship
trial and & land vehicle test makes a com-
parison difficult. Ny particular field
involves land transportation, but the
closest approach to this type of testing
made by the Aberdeen Proving Ground on
land vehicles was the qualitative tests
performed on various wheeled and tracklsying
combat vehicles to determine the most mine-
resistant armor plate for various vehicle
deeigns., The quelitative nature of this
testing does not permit direct comparison
with the test work described in the pre-
ceding pepers; however, the descriptlon
of another shock test on a light tank may
be of interest,.

Early experience in the war with the
Medium Tank M3, having o riveted hull,
gave the Armored Force disagreeatle ex-
pPerience with a difficulty celled secondery
projectiles or missiles. The armor on this
particular tank and others conslisted of
riveted structures which, when shocked,
would cause the interior portion of many
rivetes to ricochet inside the tank,
Kiveted tanik hulls were immediately re-
placed by welded hulls: however, then
atowage brackets and various other types
of mounting equipment which were orlginally
attached to the armored plate becanme
secoindary projectiles. In sddition tn
secondary misslles, electrical firing

circults would open when impacted and
instruments weuld be damaged. Posslbly
there were many other cases of combat
vehicle component fallures due to pro-
jectile impacts which wére neves thoroughly
investigated .

The Ordnance Department was at this time
in the process of launching large manu-
facturing program for production of & Light
Tank MS5A1 which was & welded hull, and
eve; . effort was made to prevent secondary
projectiles .

In the fail of 1542 it was decided to
obtain test date on the Izmpact shock

paenomens and to supply design information
for tank stowage mountas. Tha test ob-
jective was to establish s means of shock
testing by firing at the tenk with 37
millimeter and 75 millimeter proof pro-
jectiles. A proof projectile ls a crudaiy
made round siaulating the mass of the
more expensive garmor-plercing rounds.

The 78 millimeter proof prcjeciilen
subjected the tenk te an lsmact which wes
different from the type of shock ceused i=
s hole-punching. 37 mil!iimoter. armor-
olercing round; however, the impect of the
lazgor proof projectiie might simuilste the
forces caused by an HE al¢7 buret or «

mine blast.

K
preceding Pag® B‘,a't o
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The Ordnance Departmgnt at Aberdeen
Froving Ground had nc sxperience with the
shock effect of projectiles on tank armor
excent in & qualitetive way,and, thorofore,
called upon Womtinghouse, General Electric,

o wowm [ Yt waa

to assist i this program.

-m MLl
‘decided to msawure pccelerations, straing,
~ and ehsolute dizplacewcits. The inatru-

T e

maniationg to accomplish thiy were:

(1) Piescalectsic ‘ty,'m accelerometers
with ‘low pass flltérs where needed

(2) Time displacement records with e
solencid type of travel recorder.

- {3) High-speed motion pictures for
abzolute diaplacements.

(4) MNagnetic and resistance strain
gsges for the measurement or atreas
compenents. ) ]

Teat procedure generaily consisted of
firing at represeniative areas of armored
tenk huil to simulate sn sntl-tank type of
attack., The taiik's armor varied from
1 1/8 to 1 1/2 inches in thickness.

Severml reporis were written covering
the data of this test; in genersi, the re-
sults were grouped according to the
Iocation of the shocks an relatcd to the
impact srea of the projectile. This is a
convenient grouping,
the accelerations logically grouped them-
selves according to the foliowing arees:

Q. Imediéteiy betilng ;he projectile
impact, :
b. In the immediaié¢ atructure,

" c. Romote from the impact aree, or

d. Isolated from the impact aroa by
jeints or resilient material,

It should be noted that the magnitude
alone of the asccelarations does nct give
an indication of the damaging forces; elso,
the phese :=latlsaghips of the component
struciures tested probably cause a varistion
in test results.

The lamedlate vicinityof the projeciiie
inpoact {s considered within 12 inches of the

for the magnitude of _
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pointof inpact. Thus, the greatest accele-
ration measured was from approximately
8000 to 10,000 times the acvceireretion of
gravity and in some instances as high aa
9000 cycles per second. Crysial piero
accelerometers brake i this area, end it
is possible that higher acceleraztions were
present, Lf they could have been recorded.
The impacting energler of the 37 and 75
millimeter proof projectiies uasd at the
test velocitiescsusedsimllar accelerations
of the ermor for oth types of projectiles,
There was an indication that the harder,
armor-plescing type of projectile caused
greater shaock to the armor than the softer
proof projectiles.

The abuolute displacement of the turret
when impc~ted was found to vary from 1/2 inch
to 1 inch. Absolutc displacements of the
hull were approximately from 1/4 inch to
1/2 inch.

Much of this displacement may be
accounted for by the roll of the vehicle's
springing when impacted. Similar phenomena
occur when & tank gun is flred.

When the impact shock was teansmi tted
through the tank turret plate to tha oppo-
site side of the turret, it diminished to
approximately 60 percent {(that is, from
8500 g to 5200 g) and had about the same
frequency. When the shock had traveled
from the turret across a bearing joint to
the tank hull, the shock value dropped to
40 percent of itg original value.

Time In tha order of a millisecond was
required for the shock to be transmitted to
those regions remote from the point of
fmpact. As mentioned before, any discon-
tinulty in the path caused the zhock to be
decreased; for exunple, the fallure of the
armor weld caused the shock to be reduced
to 10 percent of {ts original value.

For vehicla comgonents {solated by

resilient mounts, the shock would decrease

to mmienximataty 1 seccone o ana vihginal
The tank engines were found to be
nicely isolated by their normal rubber vi-

value.
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bration mounts. Frequencies of the {mpect
transmitted to the englne were reduced teo
spproximately 10 porcent of the original
value for resllientiy mountud Ltemae.

The rubber mounta stteausteod the shock
excepi in aome cases whers no snubbing or
reatrictiona wers provided to limit the
sbsolute dispiacement. An exmple of this
was the fubber mounts used on the tank
Instrument panel. The panel wes thrown
from Lts rubber mpunts. As the teat
progressed, aspring ateel shock mounts were
developed. In some instances these graatly
reduced the shock to the order of 20 percent
of the orignial lmpact value; howsver,
sufficient room had to be left between the
ehock mount bracket and the instrument to
preven: damageby the absolute displacement.

Strain gages used were mounted on
varlous conponents in the vebicle. Strain
and frequeﬁclen of the strain wer2 messured
on the oebject. In many cases, however,
the material ylelded and strain wes only

63

eatimatod veolue., Straln ghages were
pavtboutarty useful devices <oy o banding
moment imposel on the couponent would
Indicets the solative severity of thy force
impoamt on the structure of ths cowdnant.

The greater use of shack maimes wos
probably the peincipel reeult ol thie
test. ‘lowever, theve ware other disian
chonges which wers of equal usefuliiwea.
Additional testinyg L& nsadwa in thie
field. end Lt le hoped that funds will be
sveilsble for {urther investigation of
tenk stiock offects, cspecielly of miney
blast shocks.

REFFRENCES:
i. G. E. Report No. 71346,

Shock Tests or Light Tuil‘il!.
Oct. 21, 1942

2, %, E. Co. Res. Report SR. 148,
Sept. 21 - 27, 1942
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COMMENTS

The following tables were prezented in-
formally by Mr. Shaw at a Bureau of Ships
conference.  They contain design infor-
mation by which the required strengths of
machinery supports and major machinery
parts can be determined. The dewsign
accelerations given are the result
of velocity meter measurements taken
during the British underwater, noncontact
explosion field trials. The values given
are about one-half the experimentaliy
determined values. This factor of one-
half was arrived st on the basias of
damage observation of installed equipment
and is accounted for by the increased yield

value of material under shock conditions
and by other unexplained phenomena.
Equipment designed to these valuss should
withstand shock intensities that would
cause uncontrollable flooding of the ship
in the vicinity of the equipment. The
iteme in Tables 1, 2, and 3 are for
essential ship equipment. For less |m-
portant iLtems, where more breskage can be
tolerated, Table 4 Is included. It i»
to be noted that the values given may not
be included in thelr final design speci-
fications but are, at present, recommended
values. The design values are applied an
static values.

TABLE 1
=
MAIN MACHINERY VERT ICAL, ACCMIERATIONS
Cruisers Merchent
snd Above Destroyers Submarines Shipe
Ace, | Dec. Acc. | Dec, Acc. | Dec, Acc.|Dec.
Position I} [4 F § [ | | 4 4 &
H. P Turbines IOn seating at- | 50| $0° soe | 50 .- .. y: is
tached to ‘o to
imer bottos
or 01 33
outer bottom
I. P. Turbines " 25¢} 25 25| 25° - . .- .-
Gearing " so | 50 | 30 .- .- -1 -
Reciprocating Engines| ” 50 50 30 50 30 .. .-
Boliars " 25 5 25 is .- e} s
In - -
Main Motors " |- -- .- -- @ 10 !

*On rigld resilient mounting. This mounting consists of s corrugat ed

which acts as a rigid body until the forces reach certain de
erahiv for only & emall increaes in lorce.

the corrugated materisl crushes consic

plece of materini

finites valucs, sftor whiech
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TABLF 2 4
___’_ y — s e e,
AUXILIARY MACUINERY
AND
ELBCTRIC NYIORS VERTICAL ACCELFRATIONS
Cruisers Merchant }
snd Above Descroyers Submarines Ships !
Mcc. | Dec. | Acc.| Dec. | Acc. |Dec, | Acc.|Dec, E
ki
Position g 8 é 8 g 8 8 8 b
= ——-—.:g:_..-.\..g._":ﬁz::.—.aa_.—_amﬂ:ﬁ.—_—_q—- =] ;
Hesvy Items, 3 to On inner bottom| 60 50 == - -~ - i B
10 tons or to
outer bottom| 90 *
Medium Items, 14 ” 120 60 a0 60 .- -- 50 30
to 3 tonw to to | to
120 80 50
Light Itoms, ¥ to ” 1508} 90 120 60 120% | 60 -] --
1% tons to io to ‘
200 200 | 100 :
Light Items, X to Under exposed | 60 50 60 40 - - | -
i% tons duecks to
90
Light Itema, % to On bulkheads 60 40 60 40 - .- e | e~
1% tona ;
Light Items, % to | Un inter- 40 | 25 30 ] 20 e |ree | -- i
1% tons mediate . i
decka g
!
#Seem high. Tentative, based on single experiment. i
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TABLE 3 7 B
%I
‘ 1

AUXILIARY NACHINERY

AND KTRRARTSHIP ACCRLFRAYZONS
ELECTROC NOTORS

Cruisars ] serchant
snd Above Degtroyers Submarines Shins

Acc.|Dec. | Ace.i Dec, | Acc.| Dee. ‘ﬁcc'.fbc.:

Pagition [} Iy [ 4 [ # § [ ] 4
‘ Heavy Items, 3 to 10 ' 208308 | -2 1 -} -] - . ~
‘ tong ‘ » '
Light Items, up to 3 408 160* | -- -- .- .- s ] e~ ’
: tons - = ’
) ‘Dependin”g upon proximity ' § : : ) '

to ship side : : ' o . . i

“TAHLE 4
T _
1SS TWPORTANT ITBEMS " VERTICAL ACCELFRATIUNS ‘
Cruisera Hﬁ:eim:
and Abovs Dentroyers Stsmarines Wips I
Acc,|Dec. | Ace.) Dec. Acc, | Poc. Acc. }|Der.
Position £ |4 4
Work shop, laun- On inner bottom | 40 | 28 b . - I
dry, etc. or outer
Workshop, laun- bettom Lat :
dry, ate. On i"tefmd ate 30 15 )
decks ) '
E a
i
1
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Conjudential

Preceding Page Blank

SAVIBULL

A report of general interest to the

membersof the Shock and Vibration Symposia, |
entitled 'Instruments for Measuring ’
Vibration and Shock on Ship Structures and :
Machinery, ' TM3 Report $63, will be ?
avajlsble 15 August 1948. Characteristice f
of the various instruments discussed in ;
thls report are tebulated in Shock and
Vibration Bulletin No. 3, May 1947.
Copies ot the completed report may Le
obtained by request from the David Taylor
Model Basin, Technical Informatlon Section,
Washington, D. C.

Copleas of the "“Interim Definitions end
Standards for Shock and Vibration” have
been published and distributed. Written
comments are invited, and discussion
concerning these Definitions and Standards
will take place at the naxt Symposium .
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